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This application Cain,, benefi, o< US Provisional Pa.en, Appiicalicn N.mber 60/052,2,4, ,i,e. ..y ,0, , 997. 
FIELD OF THE INVENTION 

as.™irra;it:raX^^^^^^^ 

polypeptides of the MurA family, as well as their va ian rhe elnafter^^^^w^ '° P^'y""^^""" and 

and -MurA polypeptide(s)- as the ease n,ay be hereinafter referred to as -MmA.- -MmA polynucleolide(s),- 



BACKGROUND OF THE INVENTION 



antibLrt'^Ch^or/re^^T^^^ 

types ofdisease, invasive and toxigenic Invas'eWaZs are c^^^^^^^^^ T'"'"' ''^^ '° P™^"^^ '"^ 

both Skin surfaces and deep tissues. Sfap~jrre; s he "Tnd 

patients. Osteomyelitis, septic arthritis sentic thromhn^hi kv ! ^^"'"^ "^^"'^ °' bacteremia in cancer 

common. There are a. least'hree cJl a, con«io::^^^^^^^^ ''''''''' -^^--^'^^ ^1- relatively 

ifestalion of these diseases result from the act rs of exo^^^^^^ ^'"''"""^ °' ^'^P'^^'"""' ™n. 

conditions include: S^phylococca, food poisolg c^iZZ lZZ 'T"' ^""^ "^^'^'^^'^ ^^-^ 

The frequency of Slaphvlococcus a,,™,,, in.i', " ^ syndrome and toxic shock syndrome, 
altributedtotheemergenc^ofmuw rni;^:"'^ r has been 

immune systems. It is no longer uncommon o isoll SteZL" '""^^^'"3P°P"l^'i°n °' People with weakened 
all Of ,he standard antibiotics. This phenoZ^n Wea1^^a™"rH^^^^^^ '° - 

agents, vaccines, drug screening Lthods. and d'gTost^te t f^^^ 

as well as from other sources There is a ooSn^^T T 

and other polynucleotides sequences ind the el ,L oS id'"' '° '''""'"'^ "^^^er genes 

The enzyme UDP-N-acetvlalucossr^rnrn f°^P^^<^^^' as targets for drug discovery 
firs, committed step of pep d ^^^^^^^^ encodedby the gene MurA (MurZ,, catalysesthe 

and the corresponding enzyme (It^aSadds has bee^^^^^^^^^ T" """^""^^ "^^^ ^-"-'^"'^ 

A., Ko«er. R & Walsh. C.T 199^, J. ^Z^1% ITs7sTtZ>^T ""T"''" ' ' ■ ^'^^^'^^ 

characterized. Enolpyruvate is transferred rorn nhl„K ? mechanism of this enzyme has been well 
(UDPGtcNAc) With the release of inorganirpho d^^^^^^^ "^^^^ '° UDP-N-acetylglucosamine 

been shown to be important in thrZme r^e ha^^^^^^^ "'T p""^ '"'^^^ -^^s 

inhibitorol the enzyme, binds (Wanke,7rArhi r(1 993 EurVR .' '° T'"" '''°^'^°"'y""' i>-ersible 
E.D.. Lane, W,S.. Haley. T.M. Ichikawa. Y, Cg C H ' Walsh c t' nZZ ^-q^-dt, J.L.. Brown. 

H., Lees, WJ.. Kempsell. K.E.. Lane. WS. oTcan K i Walsh C T QQfi 10646-10651,; Kim, 0. 

gene has been shown to be essential in Ecoli (Brown E D Wvas \ w t^^T""^ 4923-4928.) The MurA 
177. 41944197.) and has also been cloned ^romZ/fas siir E^rL^f, ' * 

Amrhein. N. (1992) FEBS Lett 301 271 276^ 1^h= T J "^'^^ (Wanke. C. Falchetto. R & 

a Hillen, W (,994 FEMS Micrti^^ol Le t ,7 ^"42 Cd '"'"f ^=™'=*-re.ca/coacef/c.. (Ehrt, S. 
SWcoccus aureus allows produc L o[ UDP:^ ImoIuZ^^ °' ' '"""'"^"^ '^^ P^'^°9- 
then be used to screen for novel antibiotL asXscrfc?d hp^^^^ enolpyruvyl transferase enzyme which can 

therapy as they will prevent the constructn oMhrbttl' celC^ °' "'""^ 

.hatha::*;r::r:erorarj^^^^^ 

factors are also useful to determine fhe r role in^^thn^f f " compounds for antimicrobial activity. Such 

need fo, identification and charac^e 1 aU^J, VucS^^^^^ ,h °"' '^"""'"^ ^ « 

ameliorate or correct such nfection. dy^unctlorand ^^ease ' '° ""^Vs .0 prevent. 

trom^lSrCr^pCepro^^^^^^^^^^ 
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SUMMARY OF THE INVENTION 

The present invenlion relates to MurA, in particular MurA polypeptides and MurA polynucleotides, recombinant 
materials and methods lor their production. In another aspect, the invention relates to methods for using such polypep- 
tides and polynucleotides, including treatment of microbial diseases, amongst others. In a further aspect, the invention 
relates to methods for identifying agonists and antagonists using the materials provided by the invention, and for treating 
microbial infections and conditions associated with such infections with the identified agonist or antagonist compounds. 
In a still further aspect, the invention relates to diagnostic assays for detecting diseases associated with microbial 
infections and conditions associated with such infections, such as assays for detecting MurA expression or activity 

Various changes and modifications within the spirit and scope of the disclosed invention will become readily ap- 
parent to those skilled in the art from reading the following descriptions and from reading the other parts of the present 
disclosure. 

DESCRIPTION OF THE INVENTION 

The invention relates to MurA polypeptides and polynucleotides as described in greater detail below. In particular, 
the invention relates to polypeptides and polynucleotides of a MurA of Staphylococcus aureus, which is related by 
amino acid sequence homology to MurA from B.subtilis polypeptide. The invention relates especially to MurA having 
the nucleotide and amino acid sequences set out in Table 1 as SEQ ID NO: 1 or 3 and SEQ ID NO: 2 or 4 respectively 



TABLE 1 
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MurA Polynucleotide and Polypeptide Sequences 

(A) Staphylococcus aureus MurA polynucleotide sequence [SEQ ID NO- 11 

'^======^ 

AATTTTAMATAGGGAAflTGTAAAGTMTAGGAGTTCTflAGTGGAGGATTTACGATGGAT 

aaaatagtaatcamggtggaaataaattaacgggtgaagttamgtagLgg^^^^^ 

GTTMTGTTCCAGCTTTAAGTGATGTAGAAACAATAAATAATGTATrAACA^cI^il^ 
CCTG.CGmCAX.CAAAAAGGACGA^.GCTGXTGTCGTrc.J^^^ 

AATGS^^GCACCATATGAATATGrTAGT^^TGCGTGCMGTATTTr^^T'^^^^^^^^^ 
CCTCTTTT.GCA.G.CrAGGAC.TGCr„CC.TXGCCTGGTGGT^^^^^^^^ 

GATTTCCAAGTGTAGGAGCAACACAAAATATTATTATGGGAGCATCATTAGCmGGG; 
MGACTXTAATTGAMATGCAGCTAAAGAACCTGAMTrGTCGATXTA^^^^^ 

aatgamtgggtggxagwxacxggxgcxggtacagacacmxxacaaxJJ^JgZI 

A.Xc™GGXGXAGAACAXGCTAXCAXXCCAGAX™xaA^A^^^^^^^^ 

cxaaxcgcxggxgccaxxacxcgxggcgaxaxxxxxgtacgxggxgcaatcaSgmJI; 
axggcxagxxxagxgxataaaxxagaagaaaxgggcgtxgmxxggaZ^gm^c 
ggcaxxcgxgxaagagctgaaggagaxtxacagcctgtxgacatcaaaaca;^^^^^^ 

CCTGGXXTCCCAACCGATATGCAGTCACAAAXGATGGCAXXAXXATIAACAGr»^=f 

caxaaagxagxaacxgaaacxgxaxxxgaaaaxcgxxxxa:™^^^^ 

CGXATGAACGCGAACAXCAAXGXTGAAGGTCGCAGXGCAAAACXXGMGGC^"r 

txgcaaggxgcgcaagxxaaagcgacxgaxxxaagagca^^^^ 

GGATXAGTTGCTGAXGGXAAAACAAGXGXCACTGAAXTGAAXCAXXTAGA^AGG^^^^^^^ 

Jtt=acxxacaxggcaaattgaagcaatxaggxgcagacatxgaIc3^^^^^ 

:Lce?:::::sH~ ^^^^^^ - ^ ~e 

NH,-MDKIVIKGGNKLXGEVKVEGAmvLPILXASLLASDKPSKLVNVPALSOVETIN«VT.. 

NAOVx™AVWOATKXLN.KAmwSKMRASILV>.GPLLARLGrvr^^^^^^^ 
ICSRPIBQHIKGrEAU.AZXHLE.GNI„LKGTSIHLOrPSVGAx"l^^ 
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KGKTLIENAAKEPEIVDLANYINEMGGRITGAGTDTITINGVESLHGVEHAIIPDRIEAG 
TLLIAGAITRGDIFVRGAIKEHMASLVYKLEEMGVELOYQEDGIRVBAEGDLQPVDIKTL 
PHPGrPTDMQSQMMALLLTANGHKWTETVFENRFMHVAEFKRMNANINVEGRSAKLEGK 
SQLQGAQVKATDLRAAAALILAGLVADGKTSVTELNHLDRGYVDLHGKLKQLGAOIERIN 
D-COOH 

(C) Staphylococcus aureus MurA ORF sequence [SEQ ID N0:3]. 

5'ATGTATTTGTATTGCCTATTGGGCTTAACAATCAATTAGATTAGATCAATTTTTTAAAAAAGGATACGCCAC 
TCAATTACAAGTGTGTATGATATGTGTTGCTATTTTATTAGGCACTGCAGTAAGCAATTTTATTGTAGATGTGT 
TACAATACTCGACGCAGGTAAAATATTTAATAAAATAAGTCTAACTCTATGATGTGTAATCAAAACTAGATATA 
ATTAAATAATGACTTAAAATAATTTTAAAATAGGGAAATGTAAAGTAATAGGAGTTCTAAGTGGAGGATTTACG 
ATGGATAAAATAGTAATCAAAGGTGGAAATAAATTAACGGGTGAAGTTAAAGTAGAAGGTGCTAAAAATGCAGT 
ATTACCAATATTGACAGCATCTTTATTAGCTTCTGATAAACCGAGTAAATTAGTTAATGTTCCAGCTTTAAGTG 
ATGTAGAAACAATAAATAATGTATTAACAACTTTAAATGCTGACGTTACATACAAAAAGGACGAAAATGCTGTT 
GTCGTTGATGCAACAAAGACTCTAAATGAAAAAGCACCATATGAATATGTTAGTAAAATGCGTGCAAGTATTTT 
AGTTATGGGACCTCTTTTAGCAAGACTAGGACATGCTATTGTTGCATTGCCTGGTGGTTGTGCAATTGGAAGTA 
GACCGATTGAGCAACACATTAAAGGTTTTGAAGCTTTAGGCGCAGAAATTCATCTTGAAAArGGTAATATTTAT 
GCTAATGCTAAAGATGGATTAAAAGGTACATCAATTCATTTAGATTTTCCAAGTGTAGGAGCAACACAAAATAT 
TATTATGGCAGCATCATTAGCTAAGGGTAAGACTTTAATTGAAAATGCAGCTAAAGAACCTGAAATTGTCGATT 
TAGCAAACTACATTAATGAAATGGGTGGTAGAATTACTGGTGCTGGTACAGACACAATTACAATCAATGGTGTA 
GAATCATTACATGGTGTAGAACATGCTATCATTCCAGATAGAATTGAAGCAGGCACATTACTAATCGCTGGTGC 
TAT AACGGGGGGAATC - 3 ' 

(D) Staphylococcus aureus MurA polypeptide sequence deduced from a polynucleotide ORF 
sequence in this table [SEQ ID N0:4]. 

NHz- 

MDKIVIKGGNKLTGEVKVEGAKNAVLPILTASLLASDKPSKLVNVPALSDVETINtJVLTTLNADVTYECKDENAV 
WDATKTLNEKAPYEYVSKMRASILVMGPLLARLGHAIVALPGGCAIGSRPIEQHIKGFEALGAEIHLENGNIY 
ANAKDGLKGTSIHLDFPSVGATQNIIMAASLAKGKTLIENAAKEPEIVDLANYINEMGGRITGAGTDTITINGV 
ESLHGVEHAI I PDRI EAGTLLI AGAITGGI -COOH 



Deposited materials 

A deposit containing a Staphylococcus aureus WCUH 29 strain has been deposited with the National Collections 
oi Industrial and Marine Bacteria Ltd. (herein "NGIMB'), 23 St. Machar Drive. Aberdeen AB2 IRY, Scotland on 11 
September 1995 and assigned NGIMB Deposit No. 40771, and referred to as Staphylococcus aureus WCUH29 on 
deposit. The Staphylococcus aureus strain deposit is referred to herein as "the deposited strain" or as 'the DNA of the 
deposited strain." 

The deposited strain contains the full length MurA gene. The sequence of the polynucleotides contained in the 
deposited strain, as well as the amino acid sequence of any polypeptide encoded thereby, are controlling in the event 
of any conflict with any description of sequences herein. 

The deposit of the deposited strain has been made under the terms of the Budapest Treaty on the International 
Recognition of the Deposit of Micro-organisms for Purposes of Patent Procedure. The strain will be irrevocably and 
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such as that required under 35 U S C §,12 °" ^ "^P"" ^^'^"''^'^ 1°' enablement 

a J- rerhr;^^^^^ '° ^^^^^ - -d de„;ed thereuo. and no 

Fuhher provided by the invention are MurA polynucleot^" e^encerhT^^^^^^ h "^""^''^"^ 
andamtno acid sequences encoded thereby' aL presided by he'nventil ,^^^^^^^^ T"' ^= '"^ ^'^^ 
sequences isolated from the deposited strain '^""^ Polypeptide and polynucleotide 



Polypeptides 



■MurA- and "MurA polypeptides" as well as biZicairSTcl ^ '° ^^^i" 

useful variants thereof, and compositions comS*esame ^'i^'-^-l'V or therapeutically 

uraCrn:Si:rs^^^^^ 

The present invention further provides for an isolated polypeptide which: 

entire length of SEQ ID NO I ■ ^ '^'^^ °' '^^^t'^' to SEQ ID iMO l over the 

^^^nTary^r^i^rh^tr^ 

preferably a, least 95% identit ' e'en moTe prlra^^^ '^X^'T^IV' '^'^ 
entire length of SEQ ID NO'S- or °' ^"^^ "^^"'"V 1° SEO ID N0:3 over the 

loSr wh^c^h^ ™ ™« Of a pofynuceotide sequence 

90% identity, yet more preferab^ at least gs^cldlt rev '? ''^"'^'^'"^ 
.he amino acid sequence of Se5 ,0 NoTo^;: 're ^nt rl nZf stofDVo^ ^ °' '° 

IS^pTe^^^afl^r.^^^^^^^^^ .eferabiy at least S0% 

9^.%ore.actlden.i.to.heaminoacids:~«^^^^ 

Polyp^Sr rLtXUX^^^^^^^ f ° - or 4, <i„ particular the rr^ture 

also those which have a. least 70% identity Xerde oV^,H T M"^*. ^nd 

preferably at ieast80% identity toapolypeXeofSrsE^^^^^^^ '!f ' °' °' P"'''""' 

to a polypeptide of Table , [SEQ ID NO 2 or 4]°nimZ!oi^ k, " f """'^ ""'"^"'y ^' i''^""'/ 
1 [SEQ ID N0:2 or 4] and also include pohi^s o^su h oZ^hh ' ^ k'"'' '"""''"^ to a polypeptide of Table 
containing at least 30 amino ac«s and mTe pr tlrat S^^^ T °' ^'""''y 

Thelnventi^alsoincludesapolypeptide'consistlnr^loS 
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wherein, at the amino terminus. X is hydrogen, a metal or any other moiety described herein for modified polypeptides. 

5 and at the carboxyl lemninus. Y is hydrogen, a metal or any other moiety described herein for modified polypeptides, 
Ri and R3 are any amino acid residue or modified amino acid residue, m is an integer between 1 and 1000 or zero, n 
is an Integer between 1 and 1OOO or zero, and Rg is an amino acid sequence of the invention, particularly an amino 
acid sequence selected from Table 1 or modified forms thereof. In the formula above, H2 is oriented so that its amino 
terminal amino acid residue Is at the left, covalently bound to R^. and its carboxy terminal amino acid residue is at the 

10 right, covalently bound to R3. Any stretch of amino acid residues denoted by either or R3, where m and/or n is 
greater than 1 . may be either a heteropolymer or a homopofymer. preferably a heteropolymer. Other preferred embod- 
iments of the invention are provided where m is an integer between 1 and 50, 100 or 500, and n is an integer between 
1 and 50, 100. or 500. 

It is most preferred that a polypeptide of the invention is derived from Staphylococcus aureus, however it may 
15 preferably be obtained from other organisms of the same taxonomic genus. A polypeptide of the invention may also 
be obtained, for example, from organisms of the same taxonomic family or order. 

A fragment is a variant polypeptide having an amino acid sequence that is entirely the same as part but not ail of 
any amino acid sequence of any polypeptide of the invention. As with MurA polypeptides, fragments may be 'free- 
standing,' or comprised within a larger polypeptide of which they form a part or region, most preferably as a single 
20 continuous region in a single larger polypeptide. 

Preferred fragments include, for example, truncation polypeptides having a portion of an amino acid sequence of 
Table 1 [SEQ ID NO:2 or 4], or of variants thereof, such as a continuous series of residues that includes an amino- 
and/or carboxyl-terminal amino acid sequence. Degradation forms of the polypeptides of the invention produced by or 
In a host cell, particularly a Staphylococcus aureus, are also preferred. Further preferred are fragments characterized 
25 by structural or functional attributes such as fragments that comprise alpha-helix and alpha-helix forming regions, beta- 
sheet and beta-sheet-forming regions, turn and turn-forming regions, coil and coil-forming regions, hydrophllic regions, 
hydrophobic regions, alpha amphipathic regions, beta amphipathic regions, flexible regions, surface-forming regions, 
substrate binding region, and high antigenic index regions. 

Further preferred fragments include an Isolated polypeptide comprising an amino acid sequence having at least 
30 1 5 . 20, 30, 40. 50 or 100 contiguous amino acids from the amino acid sequence of SEQ ID NO: 2, or an isolated 
polypeptide comprising an amino acid sequence having at least 15. 20. 30. 40, SO or 100 contiguous amino acids 
truncated or deleted from the amino acid sequence of SEQ ID NO: 2. 

Also preferred are biologically active fragments which are those fragments that mediate activities of MurA. including 
those with a similar activity or an improved activity, or with a decreased undesirable activity. Also included are those 
35 fragments that are antigenic or immunogenic in an aninnal, especially in a human. Particularly preferred are fragments 
comprising receptors or domains of enzymes that confer a f unctbn essential for viability of Staphylococcus aureus or 
the ability to initiate, or maintain cause Disease in an individual, particularly a human. 

Fragments of the polypeptides of the invention may be employed for producing the corresponding full-length 
polypeptide by peptide synthesis; therefore, these variants may be employed as intermediates for producing the full- 
40 length polypeptides of the invention. 

In addition to the standard single and triple letter representations for amino acids, the term 'X' or "Xaa" may also 
be used in describing certain polypeptides of the invention. "X* and "Xaa" mean that any of the twenty naturally occurring 
amino acids may appear at such a designated position in the polypeptide sequence. 

45 Polynucleotides 

It is an object of the invention to provide polynucleotides that encode MurA polypeptides, particularly polynucle- 
otides that encode the polypeptide herein designated MurA. 

In a particularly preferred embodiment of the invention the polynucleotide comprises a region encoding MurA 
so polypeptides comprising a sequence set out in Table 1 (SEQ ID NO:l or 3] which includes a full length gene, or a 
variant thereof. The Applicants believe that this full length gene is essential to the growth and/or survival of an organism 
which possesses it, such as Staphylococcus auraus. 

As a further aspect of the invention there are provided isolated nucleic acid molecules encoding and/or expressing 
MurA polypeptides and polynucleotides, particularly Staphylococcus aureus MurA polypeptides and polynucleotides, 
S5 including, for example, unprocessed RNAs, ribozyme RNAs, mRNAs, cDNAs, genomic DMAs, B- and Z-DNAs. Further 
embodiments of the invention include biobgically. diagnostically, prophylactically, clinically or therapeutically useful 
polynucleotides and polypeptides, and variants thereof, and compositions comprising the same. 

Another aspect of the invention relates to isolated polynucleotides, including at least one full length gene, that 
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memoda, such as >hosefor Cloning and sequencVgoLCS 

aureus WCUH 29 cells as stamng materia' followed byo^ Z aZ enaZon T "'"^ ^^^''/''-cc J 
oleofde sequence of <he inventbn, such as a polynucleoMe seoui.l t t °' ^"^""P"' '° ^ P^Vnu- 

probed w,lh a radiolabeled oligonucleotide, preferably a 17 r^er or Vonn», h '""^"'^ 
carrying DNA identical to that of the probe can then be di thTIhPH ^ " ^ P^*^' Clones 

quencing the individual clones thus LntiHed ^X'^^ZZ Z Zul 

polypeptide or polynucleotide sequence it is then poL,^,' "^n^^^^^^^ "'^'3"^" '^^ original 

determine a full length gene sequence. Convenient y such sfou ' ^ P°Vnucleot,de sequence in both directions to 
double stranded DNA prepared from a plasmid c,rne Sui ab e 1^ " '°' "-"9 denatured 

and Sambrook et al., MOLECULAR CLONING TmsS/^^ mZ!!,'',' h'^''"' ^' ^'^^'^ ^ <=- 

Press, Cold Spring Harbor, New York (,989). (see n p ^to^ sle^^ p ' ^^""9 laboratory 

natured Double-Stranded DNA Templates 13 70) Direct a^^^^^^^^ " Sequencing De- 

a full length gene sequence. Illus.raive of thoTnven on each colvn?,''?H'™'"^ <'"'°'^'^ '° *tain 

was discovered in a DNA library derived from S/aZc^c:'^^^^^^^^ ^^"'^ ' '° ^0^1 °' 3] 

Moreover, each DNA sequence set out in Table 1 [SEQ ID t^oTor 11 f 
a protem having about the number of amino acid residues set f„ J "P^" reading frame encoding 

molecular weight that can be calculated using ^.n^acZsll l ? ' '° ™* ^ '^'^"-^ 

in the art. The polynucleotide of SEQ ID NO i 'e nuclelp f ZT' ^'<'"^<1 
nucleo«e number ,553 of SEQ ,D NO:,, enccdesThe Cp r ° ^BQ No"' ^^^^ ^' 

lriafunf.eraspec.,t.epresent invention provides forr^irola.edp!.;^:.'::;^^ 

to SEQ ID NO: 1 over the entire length of SEQ ID NO 1 °' '"^^ "^"'"V 

Sa^™ rs^^^^^^^^^^^^^^ a, -east .C.. identity, preferably at feast SO. 

Ieasl97.99%or100%exac,,,otheaminoa «sequ™ e^ 

(c) a nucleotide sequence which has at least 70% idenrltlr!^, ,f ' '"^""^ '"'"^ '""9* °' '° °' 
90% idenfity ye, more preferably at leas, 95% identTy iTr^oTe Lr'. r ^^'^'^^'^ ^' 

SEQ ID NO:, over ,he entire length of SEQ ID NO 3 ^ °' '^^"'"V' '° 

s^^rCtmrpr^TS^^ 

SEQ ID N0:3 over the entire length o, SEQ ID NO 3 or " '''"^ ^' °^ '"^^ '^-"'^'V 

i«;r::ra::?:r3r^^^^^^^^^^ 

ieast97.99%ore.c,identi.y,.o.heaminoa:;d^eq=S^^^^^ 
pnate library under stnngent hybridization conditi„ aTbl" TZ^^r'T °' '"''"'"^ ^P"™" 

:aT:Zu?ers::er°^^'--"'^^^^^^^ 

polypeptide or a fragment thereof, by itself L lei as a cc^fnn ' =^1"^"" <°' a -^t're 

reading frame with another coding sequence such a a s^Z ' """"'^ '^^"""^ °' ^ ''^9-«n< 

or pro- or prepro-protein sequence. The pdynudlt de of the i„v '"r ' °' a Pre-, 

sequence, including for example, but not lir^tod o a, |ea,t one n T ^' "°"^°^in9 

bu, non.,rans(a,ed sequences, .em,™tion sta^st ich L hoTr;^ ^= "^"^"'"^ 

nbosome binding sites. Kozak sequences Lquenres th..V./hf o^^^^^ ^"^ termination signals), 
Pol.ucleotidesequencemaya,s:compris:=~^^^^^ 
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pie. a marker sequence that facilitates purification of the fused polypeptide can be encoded In certain embodiments 
of the invention, the marker sequence is a hexa-hlstidine peptide, as provided in the pQE vector {Qiagen, Inc.) and 
described In Gentz ef al.. Proc. Natt. Acad. Sci.. USA 86: 821-824 (1989), or an HA peptide tag (Wilson et ai. Ceil 37: 
767 (1934), both of which nriay be useful in purifying polypeptide sequence fused to them.' Polynucleotides of the 
invention also include, but are not limited to, polynucleotides comprising a structural gene and its naturally associated 
sequences that control gene expression. 

A preferred embodiment of the invention Is a polynucleotide of consisting of or comprising nucleotide 295 to the 
nucleotide immediately upstream of or including nucleotide 1553 set forth in SEQ ID NO;l of Table 1. both of which 
encode the MurA polypeptide. 

The invention also includes a polynucleotide consisting of or comprising a polynucleotide of the formula: 

X-(R,).-(R2)-(R3)n-Y 

wherein, at the 5' end of the molecule. X is hydrogen, a metal or a modified nucleotide residue, or together with Y 
defines a covalent bond, and at the 3' end of the molecule, Y is hydrogen, a metal, or a modified nucleotide residue, 
or together with X defines the covalent bond, each occurrence of and is independently any nucleic acid residue 
or modified nucleic acid residue, m is an Integer between 1 and 3000 or zero, n is an integer between 1 and 3000 or 
zero, and Rg is a nucleic acid sequence or modified nucleic acid sequence of the invention, particularly a nucleic acid 
sequence selected from Table 1 or a modified nucleic acid sequence thereof. In the polynucleotide formula above, R2 
is oriented so that its 5' end nucleic acid residue is at the left, bound 10 , and its 3' end nucleic acid residue is at the 
right, bound to R3. Any stretch of nucleic acid residues denoted by either and/or R2, where m and/or n is greater 
than 1, may be either a heteropolymer or a homopolymer, preferably a heteropolymer Where, in a preferred embod- 
iment, X and Y together define a covalent bond, the polynucleotide of the above formula Is a closed, circular polynu- 
cleotide, which can be a double-stranded polynucleotide wherein the formula shows a first strand to which the second 
strand is complementary. In another preferred embodiment m and/or n is an integer between 1 and 1000. Other pre- 
ferred embodiments of the invention are provided where m is an integer between 1 and 50, 100 or 500, and n is an 
integer between 1 and 50. 100, or 500. 

It is most preferred that a polynucleotide of the invention is derived from Staphylococcus aureus, however, it may 
preferably be obtained from other organisms of the same taxonomic genus. A polynucleotide of the invention may also 
be obtained, for example, from organisms of the same taxonomic family or order. 

The term 'polynucleotide encoding a polypeptide' as used herein encompasses polynucleotides that include a 
sequence encoding a polypeptide of the invention, particularly a bacterial polypeptide and more particularly a polypep- 
tide of the Staphylococcus aureus MurA having an amino acid sequence set out in Table 1 [SEQ ID NO;2 or 4]. The 
term also encompasses polynucleotides that include a single continuous region or discontinuous regions encoding the 
polypeptide (for example, polynucleotides interrupted by integrated phage, an integrated insertion sequence, an inte- 
grated vector sequence, an integrated transposon sequence, or due to RNA editing or genomic DNA reorganization) 
together with additional regions, that also may contain coding and/or non-coding sequences. 

The invention further relates to variants of the polynucleotides described herein that encode variants of a polypep- 
tide having a deduced amino acid sequence of Table 1 [SEQ ID NO:2 or 4j. Fragments of a polynucleotides of the 
invention may be used, for example, to synthesize full-length polynucleotides of the invention. 

Further particularly preferred embodiments are polynucleotides encoding MurA variants, that have the amino acid 
sequence of MurA polypeptide of Table 1 (SEQ ID NO:2 or 4] in which several, a few, 5 to 10, 1 to 5, 1 to 3, 2, 1 or no 
amino acid residues are substituted, modified, deleted and/or added, in any combination. Especially preferred among 
these are silent substitutions, additions and deletions, that do not alter the properties and activities of MurA polypeptide. 

Further preferred embodiments of the invention are polynucleotides that are at least 70% identical over their entire 
length to a polynucleotide encoding MurA polypeptide having an amino acid sequence set out in Table 1 [SEQ ID NO: 
2 or 4], and polynucleotides that are complementary to such polynucleotides. Alternatively, most highly preferred are 
polynucleotides that comprise a region that is at least 80% identical over its entire length to a polynucleotide encoding 
MurA polypeptide and polynucleotides complementary thereto. In this regard, polynucleotides at least 90% identical 
over their entire length to the same are particularly preferred, and among these particularly preferred polynucleotides, 
those with at least 95% are especially preferred. Furthermore, those with at least 97% are highly preferred among 
those with at least 95%, and among these those with at least 98% and at least 99% are particularly highly preferred, 
with at least 99% being the more preferred. 

Preferred embodiments are polynucleotides encoding polypeptides that retain substantially the same biological 
function or activity as the mature polypeptide encoded by a DNA of Table 1 [SEQ ID N0:1 or 3]. 

In accordance with certain preferred embodiments of this invention there are provided polynucleotides that hybrid- 
ize, particularly under stringent conditions, to MurA polynucleotide sequences, such as those polynucleotides in Table 1 . 
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all of Ihe prosequences may be removed before activation. Generally, such precursors are called proproteins. 

In addition to the standard A. G. C, TAJ representations for nucleotides, the term "N" may also be used in describing 
certain polynucleotides of the invention. 'N' means that any of the four DNA or RNA nucleotides may appear at such 
a designated position in the DNA or RNA sequence, except it is preferred that N is not a nucleic acid that when taken 
5 in combination with adjacent nucleotide positions, when read in the correct reading frame, would have the effect of 
generating a premature termination codon in such reading frame. 

In sum, a polynucleotide of the Invention may encode a mature protein, a mature protein plus a leader sequence 
(which may be referred to as a preprotetn), a precursor of a mature protein having one or more prosequences that are 
not the leader sequences of a preprotein, or a preproprotein. which is a precursor to a proprotein, having a leader 
JO sequence and one or more prosequences. which generally are removed during processing steps that produce active 
and mature forms of the polypeptide. 

Vectors, Host Cells, Expression Systems 

IS The invention also relates to vectors that comprise a polynucleotide or polynucleotides of the invention, host cells 

that are genetically engineered with vectors of the invention and the production of polypeptides of the invention by 
recombinant techniques. Cell-free translation systems can also be employed to produce such proteins using RNAs 
derived from the DNA constructs of the invention. 

Recombinant polypeptides of the present invention may be prepared by processes well known in those skilled in 

20 the art from genetically engineered host cells comprising expression systems. Accordingly in a further aspect, the 
present invention relates to expression systems which comprise a polynucleotide or polynucleotides of the present 
invention, to host cells which are genetically engineered with such expression systems, and to the production of 
polypeptides of the invention by recombinant techniques. 

For recombinant production of the polypeptides of the invention, host cells can be genetically engineered to Incor- 

25 porate expression systems or portions thereof or polynucleotides of the invention. Introduction of a polynucleotide into 
the host cell can be effected by methods described in many standard laboratory manuals, such as Davis, etai, BASIC 
METHODS IN MOLECULAR BIOLOGY, (1986) and Sambrook, et a!., MOLECULAR CLONING: A LABORATORY 
MANUAL, 2nd Ed.. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1989), such as. calcium phosphate 
transfection, DEAE-dextran mediated transfection, transvection, microinjection, cationic lipid-mediated transfection, 

30 elect roporation, transduction, scrape loading, ballistic introduction and infection. 

Representative examples of appropriate hosts include bacterial cells, such as cells of streptococci, staphylococci, 
enterococci E. coli, streptomyces, cyanobacteria. Bacillus subtilis, and Staphylococcus aureus; fungal cells, such as 
cells of a yeast. Kluveromyces, Saccharomyces, a basidiomycete. Candida albicans and Aspergillus; insect cells such 
as ceils of Drosophila 82 and Spodoptera Sf9; animal cells such as CHO, COS, HeLa, CI 27. 3T3, BHK, 293, CV-1 

35 and Bowes melanoma cells; and plant cells, such as cells of a gymnosperm or angiosperm. 

A great variety of expression systems can be used to produce the polypeptides of the Invention. Such vectors 
include, among others, chromosomal-, episomal- and virus-derived vectors, for example, vectors derived from bacterial 
plasmtds. from bacteriophage, from transposons, from yeast episomes, from insertion elements, from yeast chromo- 
somal elements, from viruses such as baculoviruses, papova viruses, such as SV40, vaccinia viruses, adenoviruses, 
fowl pox viruses, pseudorabies viruses, picornaviruses and retroviruses, and vectors derived from combinations there- 
of, such as those derived from plasmid and bacteriophage genetic elements, such as cosmids and phagemids. The 
expression system constructs may contain control regions that regulate as well as engender expression. Generally, 
any system or vector suitable to maintain, propagate or express polynucleotides and/or to express a polypeptide in a 
host may be used for expression in this regard. The appropriate DNA sequence may be inserted into the expression 

^5 system by any of a variety of well-known and routine techniques, such as, for example, those set forth in Sambrook 
ef ai. MOLECULAR CLONING, A LABORATORY MANUAL, (supra). 

In recombinant expression systems in eukaryotes, for secretion of a translated protein into the lumen of the en- 
doplasmic reticulum, into the periplasmic space or into the extracellular environment, appropriate secretion signals 
may be incorporated into the expressed polypeptide. These signals may be endogenous to the polypeptide or they 

so may be heterologous signals. 

Polypeptides of the invention can be recovered and purified from recombinant cell cultures by well-known methods 
including ammonium sulfate or ethanol precipitation, acid extraction, anion or cation exchange chromatography, phos- 
phocellulose chromatography: hydrophobic interaction chromatography, affinity chromatography, hydroxy lapatite chro- 
matography, and lectin chromatography. Most preferably, high performance liquid chromatography is employed for 

55 purification. Well known techniques lor refolding protein may be employed to regenerate active conformation when the 
polypeptide is denatured during isolation and or purification. 



11 



EP 0 890 644 A2'' 
Diagnostic, Prognostic, Serotyping and Mutation Assays 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



55 



..n™rr::.j.^~^^^ an. p.ypep.i.es o, invention ,o. as 

and especially a human, will provide a dLn^slfc r^loH , *h ""'''".^P","" « ^-^Xa-yote, panicularly a a,ammal 
an ,nfe«ious organism lodrogs. EuKa,yo.esTa« mlr^lT?'.' ^'^^'"3 °' '^-^^^^ or responsTol 

or suspected to be infected w„h an o7ganismTompt,^X m-A oe' r""'^^^ ^^^^^"^^'^ >hose intectsd 
acd or ammo acid level by a variety or well known te h id es as wefas hv' '7 'h' '° ^' 

Polypeptides and polynucleotides (or propnosis Snl u ^ "'"''^^'^ ^-^^i"- 

infected and/or infected individual's bodily ma erS pot^nu" °Tr '^-^ a putativelv 

RNA, may be used directly for detection rmTv bi a~ '"^ '"^ °' Paticubrly DNA or 

..chnicue prior ,o analysis. RMA. ParticuirrlXA XfanT— "'"^ '^'^ °' ^"^ other amp'lin^l: 
Using ampWicalion, Characterization Of Ihe species and strain onnipT ™^ =ame ways 

may be made by an analysis of the genotype of rsetec^TooC^^^^^^ 

can be delected by a change in size of Ihe ampLd pX,^^^^^^^^^^ °' and Insertions 

selected from a related organism, preferably a diltnC, oMhelT '° ' ^'""'^"^ °' ' '''"'"'^ -"I-"- 
species. Point mutations can be identified bv hvbrid rl = fr 1 9°™' °' ^ '""^'S"' strain of the same 

Perfectly or signfent.y matched seq! nces «n e^s nol^^^^^^ '° 'T'' P^'V^-l-ide sepuances 
duplexes by DNase or RNase digesfen, for DNA or RrrCctro'T'. ' " 

alures or renaturation kinetics. Polynucleotide sJLnr.Z ^' "^'^"'"^ differences in melling lemper- 
.rophoretic mobllily o, polynucleotide fragrntsroel as c^^ZT' T° ' • 

wrth or without denaturing agents. Polynu'cleo « Xen~^^ ™^ ^"'^^ - 

See, for example, Myers elal., Scisncs, 230- 1240 (,9851 ! *'^'='°'^'\°'™A sequencing 

variability (see, for example, Chee efa/., Sc/ance, 274 199^? ' ' ^^""'''^ ''"^^9^' Senetic 

T.US inanotheraspect, the present invention relatesTo'lZostic kit which comprises- 

SgmeTthro?'^ °' ~ ■ ''--"V .e nucleotide sequence o, SEO ,0 NO- , or 3 or a 

(b) a nucleotide sequence complementary to that of (a)- 

''•-"—^—^^^^^^^^^^^ 

It Will be appreciated that in any such kit fh\ 
be Of use in diagnosing a disease o, suscepiibN v ^ a o^e l^^^of ' ^ ^ will 

This invention also relates to th^= t 7 Lj'sease, among others. 

clamutatedformofaporrr^^^ 

or pathogenicity will provide a diagnostic tool that can 3^,0 ;,f ^2 . °' ' ^ ^'"^'^^^^ with a disease 
course of disease, a determination of a stage of di ease 0 a °' ' ' "'"^^^'^ °' ^ 

expression, over-expression or altered expression o ;e pornucZde o ' '° " 

carrying mutations in such polynucleoUde may be detectedlTe /^T"""' °^9anisms, 
as those described elsewhere herein. ^' P°'S'™'^l^=»<de level by a variety of techniques, such 

saqrce^ts^ll^l^^^^^^^^^^^^^ 

.cularly to a Staphylococcus aureus chromosome fherpplno o rau °" P^'" 

the present invenlbn may be an important step in coSn fhosl ' » '° ^'^^°'"«omes according to 

ecological niche ol an organism and/or drug resistance of an „!^f P^*°9«"''= P°'«"'«l and/or an 

organism. °™easeguence has been mappLtoa prrcl^Lh^orcTo""';,'' '"^"'"'"^ °' 
on ,hechromos«ne can be correlated wHhgenelicmap^^^^^^ 

The relationship between genes and diseases haT have h» T'' """''"^ ^ ^^'"'^n'^s database 
idem" ed through known genetic methods, "example X^^^^^^^^ iSe a '°i al region are then 

genes) or mating studies, such as by conjugation ^ (coinheritance of physically adjacent 

-di«erencesinapo,nucleo.ide..orpo,peplidesequencebe,weenorganismspossessinga.irs,pheno.pe 



12 



EP 0 890 644 A2 



and organisms possessing a different, second different phenotype can also be determined. If a mutation is obsen/ed 
in some or all organisms possessing the first phenotype but not in any organisms possessing the second phenotype, 
then the mutation is likely to be the causative agent of the first phenotype. 

Cells from an organism carrying mutations or polymorphisms (allelic variations) in a polynucleotide and/or polypep- 
tide ol the invention may also be detected at the polynucleotide or polypeptide level by a variety of techniques, to allow 
for serotyping, for example. For example. RT-PCR can be used to detect mutations in the RNA. It is particularly preferred 
to use RT-PCR in conjunction with automated detection systems, such as. for example, GeneScan. RNA, cDNA or 
genomic DNA may also be used for the same purpose. PCR. As an example, PGR primers complementary to a poly- 
nucleotide encoding MurA polypeptide can be used to identify and analyze mutations. Examples of representative 
primers are shown below in Table 2. 



Table 2 

Primers for amplification of MurA polynucleotides 
SEP ID NO PRIMER SEOTJENCE 

ATGGATAAAATAGTAATCAAAGG 

5 5'-ATGGATAAAATAGTAATCAAAGG-3' 

6 5'-ATCGTTAATACGTTCAATGTCTGC-3* 



The invention also includes primers of the formula: 



wherein, at the 5' end of the molecule, X is hydrogen, a metal or a modified nucleotide residue, and at the 3' end of 
the molecule, Y is hydrogen, a metal or a modified nucleotide residue, and R3 are any nucleic acid residue or 
modified nucleotide residue, m is an integer between 1 and 20 or zero . n is an integer between 1 and 20 or zero, and 
R2 is a primer sequence of the invention, particularly a primer sequence selected from Table 2. In the polynucleotide 
formula above R2 is oriented so that its 5' end nucleotide residue is at the left, bound to R^, and its 3' end nucleotide 
residue is at the right, bound to R^. Any stretch of nucleic acid residues denoted by either R group, where m and/or n 
is greater than 1 , may be either a heteropolymer or a homopolymer, preferably a heteropolymer being complementary 
to a region of a polynucleotide of Table 1. In a preferred embodiment m and/or n is an integer between 1 and 10. 

The invention further provides these primers with 1, 2, 3 or 4 nucleotides removed from the 5' and/or the 3' end. 
These primers may be used for, among other things, amplifying MurA DNA and/or RNA isolated from a sample derived 
from an individual, such as a bodily material. The primers may be used to amplify a polynucleotide isolated from an 
infected individual, such that the polynucleotide may then be subject to various techniques for elucidation of the poly- 
nucleotide sequence. In this way, mutations in the polynucleotide sequence may be detected and used to diagnose 
and/or prognose the infection or its stage or course, or to serotype and/or classify the infectious agent, 

The invention further provides a process for diagnosing, disease, preferably bacterial infections, more preferably 
infections caused hy Staphylococcus aureus, comprising determining from a sample derived from an individual, such 
as a bodily material, an increased level of expression of polynucleotide having a sequence of Table 1 [SEQ ID NO: 1 
or 3]. Increased or decreased expressbn of a MurA polynucleotide can be measured using any on of the methods well 
known in the art for the quantitation of polynucleotides, such as, for example, amplification, PCR. RT-PCR, RNase 
protection, Northern blotting, spectrometry and other hybridization methods. 

In addition, a diagnostic assay in accordance with the invention for detecting over-expression of MurA polypeptide 
compared to normal control tissue samples may be used to detect the presence of an infection, for example. Assay 
techniques that can be used to determine levels of a MurA polypeptide, in a sample derived from a host, such as a 
bodily material, are well-known to those of skill in the art. Such assay methods include radioimmunoassays, competitive- 
binding assays. Western Blot analysis, antibody sandwich assays, antibody detection and ELISA assays. 
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Antibodies 

The polypeptides and polynucleotides of the invention or variants thereof, or cells expressing the same can be 
used as immunogens to produce antibodies immunospecific for such polypeptides or polynucleotides respectively 
5 In certain preferred embodiments of the invention there are provided antibodies against MutA polypeptides or 

polynucleotides. 

Antibodies generated against the polypeptides or polynucleotides ol the invention can be obtained by administering 
the polypeptides and/or polynucleotides of the invention, or epiiope-bearing fragments of either or both, analogues of 
either or both, or cells expressing either or both, to an animal, preferably a nonhuman, using routine protocols. For 

ro preparation of monoclonal antibodies, any technique known in the art that provides antibodies produced by continuous 
cell line cultures can be used. Examples include various techniques, such as those in Kohler. G. and Milstein, C. 
Nature 25S.- 495497 (1975); Kozbor ef a/.. Immunology Today 4: 72 (1983); Cole et al.. pg. 77-93 in MONOCLONAL 
ANVBODIES AND CANCER THERAPY, Alan R. Liss, Inc. (1985). 

Techniques for the production of single chain antibodies {U.S. Patent No. 4.946,778) can be adapted to produce 

^5 single chain antibodies to polypeptides or polynucleotides of this invention. Also, transgenic mice, or other organisms 
such as other mammals, may be used to express humanized antibodies immunospecific to the polypeptides or poly- 
nucleotides of the invention. 

• Alternatively, phage display technology may be utilized to select antibody genes with binding activities towards a 
polypeptide of the invention either from repertoires of PGR amplified v-genes of lymphocytes from humans screened 
20 for possessing anti-WurA or from naive libraries (McCafferty, ef al.. (1990), Nature 348, 552-554; fvlarks, ef al., (1992) 
Biotechnology 10, 779-7S3). The affinity of these antibodies can also be improved by, for example, chain shuffling 
(Clackson ef al. {1991 ) Nature 352: 628). 

The above-described antibodies may be employed to isolate or to identify clones expressing the polypeptides or 
polynucleotides of the invention to purify the polypeptides or polynucleotides by, for example, affinity chromatography. 
25 Thus, among others, antibodies against l\/lurA-polypeptide or IWurA-polynucteotide may be employed to treat in- 

fections, particularfy bacterial infections. 

Polypeptide variants include antigenically, epitopically or immunologically equivalent variants form a particular 
aspect of this invention. 

A polypeptide or polynucleotide of the invention, such as an antigenically or immunologically equivalent derivative 

30 or a fusion protein of the polypeptide is used as an antigen to immunize a mouse or other animal such as a rat or 
chicken. The fusion protein may provide stability to the polypeptide. The antigen may be associated^ for example by 
conjugation, with an immunogenic carrier protein for example bovine serum albumin, keyhole limpet haemocyanin or 
tetanus toxoid. Alternatively, a multiple antigenic polypeptide comprising multiple copies of the polypeptide, or an an- 
tigenically or immunologically equivalent polypeptide thereof may be sufficiently antigenic to improve immunogenicity 

35 so as to obviate the use of a carrier. 

Preferably, the antibody or variant thereof is modified to make it less Immunogenic in the individual. For example, 
if the individual is human the antibody may most preferably be "humanized," where the complimentarity determining 
region or regions of the hybridoma -de rived antibody has been transplanted into a human monoclonal antibody, for 
example as described in Jones et al. (1 986), Nature 321 . 522-525 or Tempest et al., (1 991 ) Biotechnology 266-273. 

40 In accordance with an aspect of the invention, there is provided the use of a polynucleotide of the invention for 

therapeutic or prophylactic purposes, in particular genetic immunization. Among the particularly preferred embodiments 
of the invention are naturally occurring allelic variants of IVlurA polynucleotides and polypeptides encoded thereby 

The use of a polynucleotide of the invention in genetic immunization will preferably employ a suitable delivery 
method such as direct injection of pfasmid DNA into muscles (Wolff ef a/., Hum Mo/ Genef (1992) 1: 363, Manthorpe 

<5 el ai, Hum. Gene Then (1 983) 4: 41 9), delivery of DNA complexed with specific protein carriers (Wu et al., J Biol Chem. 
(1989) 264: 16985), coprecipitation of DNA with calcium phosphate {Benvenisty & Reshef, PNAS USA, (1986) 33: 
9551), encapsulation of DNA in various forms of liposomes (Kaneda et al.. Science (1989) 243: 375). particle bom- 
bardment {Tang etal., Nature (1992) 355:152. Eisenbraun etal., DNA Cell Biol 993) 12: 791) and in vivo infection 
using cloned retroviral vectors (Seeger et al., PNAS USA {1984) 81: 5849). 

so 

Antagonists and Agonists • Assays and Molecules 

Polypeptides and polynucleotides of the invention may also be used to assess the binding of small molecule sub- 
strates and ligands in, for example, cells, cell-free preparations, chemical libraries, and natural product mixtures. These 
^ substrates and ligands may be natural substrates and ligands or may be structural or functional mimetics. See, e.g.. 
Coligan ef al.. Current Protocols in Immunology 1(2): Chapter 5 (1991 ). 

Polypeptides and pofynucleotides of the present invention are responsible for many biological functions, including 
many disease states^ in particular the Diseases hereinbefore mentioned. It is therefore desirable to devise screening 
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or other polypeptide, labeled to comprise a fiuorescentiy-labeled molecule will have higher polarization values than a 
fluorescently labeled monomeric protein. It is preferred that this method be used to characterize small molecules that 
disrupt polypeptide complexes. 

Fluorescence energy transfer may also be used characterize small molecules that interlere with the iormatton of 
MurA polypeptide dimers, trimers, letramers or higher order structures, or structures formed by IVlurA polypeptide bound 
to another polypeptide. MurA polypeptide can be labeled with both a donor and acceptor fluorophore. Upon mixing of 
the two labeled species and excitation of the donor fluorophore, fluorescence energy transfer can be detected by 
observing fluorescence of the acceptor. Compounds that block dimerization will inhibit fluorescence energy transfer. 

Surface plasmon resonance can be used to monitor the effect of small molecules on MurA polypeptide self-asso- 
ciation as well as an association of IWurA polypeptide and another polypeptide or small molecule. MurA polypeptide 
can be coupled to a sensor chip at low site density such that covalently bound molecules will be monomeric. Solution 
protein can then passed over the MurA polypeptide -coated surface and specific binding can be detected in reaMime 
by monitoring the change in resonance angle caused by a change in local refractive index. This technique can be used 
to characterize the effect of small molecules on kinetic rates and equilibrium binding constants for MurA polypeptide 
self -association as well as an association of MurA polypeptide and another polypeptide or small molecule. 

A scintillation proximity assay may be used to characterize the interaction between an association of MurA polypep- 
tide with another MurA polypeptide or a different polypeptide . 

MurA polypeptide can be coupled to a scintillation-filled bead. Addition of radio-labeled MurA polypeptide results 
in binding where the radioactive source molecule is in close proximity to the scintillation fluid. Thus, signal is emitted 
upon MurA polypeptide binding and compounds that prevent MurA polypeptide self-association or an associatbn of 
MurA polypeptide and another polypeptide or small molecule will diminish signal. 

ICS biosensors have been described by AMBRI (Australian Membrane Biotechnology Research Institute). They 
couple the self -association of macromclecules to the closing of gramacidin-facilitated icn channels in suspended mem- 
brane bilayers and hence to a measurable change in the admittance (similar to impedence) of the biosensor This 
approach is linear over six decades of admittance change and is ideally suited for large scale, high through-put screen- 
ing of small molecule combinatorial libraries. 

In other embodiments of the invention there are provided methods for identifying compounds which bind to or 
otherwise interact with and inhibit or activate an activity or expression of a polypeptide and/or polynucleotide of the 
invention comprising: contacting a polypeptide and/or polynucleotide of the invention with a compound to be screened 
under conditions to permit binding to or other interaction between the compound and the polypeptide and/or polynu- 
cleotide to assess the binding to or other interaction with the compound, such binding or interaction preferably being 
associated with a second component capable of providing a detectable signal in response to the binding or interaction 
of the polypeptide and/or polynucleotide with the compound; and determining whether the compound binds to or oth- 
erwise interacts with and activates or inhibits an activity or expression of the polypeptide and/or polynucleotide by 
detecting the presence or absence of a signal generated from the binding or interaction of the compound with the 
polypeptide and/or polynucleotide. 

Another example of an assay for MurA agonists is a competitive assay that combines MurA and a potential agonist 
with MurA-binding molecules, recombinant MurA binding molecules, natural substrates or ligands, or substrate or ligand 
mimetics, under appropriate conditions for a competitive inhibition assay MurA can be labeled, such as by radioactivity 
or a colorimetric compound, such that the number of MurA molecules bound to a binding molecule or converted to 
product can be determined accurately to assess the effectiveness of the potential antagonist. 

Potential antagonists include, among others, small organic molecules, peptides, polypeptides and antibodies that 
bind to a polynucleotide and/or polypeptide of the invention and thereby inhibit or extinguish its activity or expression. 
Potential antagonists also may be small organic molecules, a peptide, a polypeptide such as a closely related protein 
or antibody that binds the same sites on a binding molecule, such asa binding molecule, without inducing MurA-induced 
activities, thereby preventing the action or expression of MurA polypeptides and/or polynucleotides fay excluding MurA 
polypeptides and/or polynucleotides from binding. 

Potential antagonists Include a small molecule that binds to and occupies the binding site of the polypeptide thereby 
preventing binding to cellular binding molecules, such that normal biological activity Is prevented. Examples of small 
molecules include but are not limited to small organic molecules, peptides or peptide-like molecules. Other potential 
antagonists include antisense molecules (see Okano, J. Neurochem. 56:560 (1991); OLIGODEOXYNUCLEOTIDES 
AS ANVSENSE INHIBITORS OF GENE EXPRESSION. CRC Press. Boca Raton, FL (1988), for a description of these 
molecules). Preferred potential antagonists include compounds related to and variants of MurA Other examples of 
potential polypeptide antagonists include antibodies or, in some cases, oligonucleotides or proteins which are closely 
related to the ligands, substrates, receptors, enzymes, etc., as the case may be, of the polypeptide, e.g., a fragment 
of the ligands, substrates, receptors, enzymes, etc.; or small molecules which bind to the polypeptide of the present 
Invention but do not elicit a response, so that the activity of the polypeptide is prevented. 

Certain of the polypeptides of the invention are bbmimetlcs, functional mimetics of the natural MurA polypeptide. 
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nudeotides encoding each of these functionaScs ^aX ed «'e" ™™ °' ^^^-''-^ ' 
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(a) a polypeptide and/or a polynucleotide of the present invention- 
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which polypeptide is preferably that of SEQ ID NO-2 and whi.h , • 

I. >v,ll be appreciated that in any such ki (aWb) 1) 0^?* !?"" '°'''" " ^EQ ID NO: 1 . 

It will be readily appreciated by the skilled ar isan iSi » n' .^"'"P"^^ ^ ^"bstantial component, 
may also be used in a method for'he stru ure~^^^ polynucleotide of the present invention 

and/or poVnucleotide, by. °' ^" ^9P"'='' amagonist or inhibitor of the polypeptide 

» Ze'r nsiona, structure of the polypeptide an.or poiynucleotide or 

'^eS^::^:^'::;''' " '° - - - ^^-^ - deduced binding sitefs, 

mated and computer-controlled steps. ' '^'^^^"^ be performed using auto- 

MurA polypeptide and/or polynucleotide ^^P^^^sion of, an elevated activity of, or a decreased activity oi 

avall'ir excess, sever, approaches are 

as herein described, optionally in combination m^a J^T^'Zl ^ 1^ (antagonist) 
inhibit the function and/or expression of the polypepturanXno l^^^^ ^^^^a 1° 

b.nd,ng of ligands, substrates, receptors, enzymes ort inh h , „ '°' '"°='<i"S '^^ 

abnomnalcondition. In another approach soluble fomToithpir ? '"''"''y ^"eviating the 

enzymes, receptors, etc. in oom'p^tition ^h nC-c us PoC^e " 

Typical examples of such competitors include fragments of me TuT f" P°'y""=l^°'Wa may be administered. 

In a further aspect, the present invpnfi^! , . ^ polypeptide and/or polypeptide 

Po;Vpaptide Of the eresentln^venl" Ta ^^rfnf^^^ -'""'^ '-i- Proteins comprising a 

light Chains Of immunoglobulins of various subcl ses Ig ll nA t'".?? ' °' °' °r 

constant par, of the heavy chain of human IgG partTulafloG?' 'ht f - T'"" ''-""nogtobulin .,s the 
particular embodiment, the Fc part can be rern^ed sS bv i!'.? "'^'^ '^^ "^'"S^ ^^Sion. In a 

o eaved »,h blood dotting factor Xa. Further^^e m is „ en , ^^^^^ °' ^ "'^^-^^ ^-h can be 

"°rro,^:;::-"rr:£^ 

expression bl^King techniques. This block Lg n^y beTar^Jed Tr^T" """'^ ""'^"^P^^ ^« '"^'"«ad using 
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(1991) 56 550 in Oligodeoxynucleotides as Antisense Inhibitors of Gene Expression, CRC Press. Boca Raton. FL 
(19S3)). AJternatively. oligonucleotides which form triple helices with the gene can be supplied (see. for example, Lee 
etai. Nucleic Acids Res 0979) 6;3073; Cooney et at.. Science 09&Q) 241:456; Dervan et al., Sc/ence {1991 ) 251: 
1360). These oligomers can be administered perse or the relevant oligomers can be expressed in vivo. 

Each of the polynucleotide sequences provided herein may be used in the discovery and development of antibac- 
terial compounds. The encoded protein, upon expression, can be used as a target for the screening of antibacterial 
drugs. Additionally, the polynucleotide sequences encoding the amino terminal regions of the encoded protein or Shine- 
Delgarno or other translation facilitating sequences of the respective mRNA can be used to construct antisense se- 
quences to control the expression of the coding sequence of interest. 

The invention also provides the use of the polypeptide, polynucleotide, agonist or antagonist of the invention to 
interfere with the Initial physical interaction between a pathogen or pathogens and a eukaryotic, preferably mammalian, 
host responsible for sequelae of infection. In particular, the molecules of the invention may be used: in the prevention 
of adhesion of bacteria, in particular gram positive and/or gram negative bacteria, to eukaryotic. preferably mammalian, 
extracellular matrix proteins on in-dwelling devices or to extracellular matrix proteins in wounds: to block bacterial 
adhesion between eukaryotic, preferably mammalian, extracellular matrix proteins and bacterial MurA proteins that 
mediate tissue damage and/or; to block the normal progression of pathogenesis in infections initiated other than by 
the implantation of in-dwelling devices or by other surgical techniques. 

This invention provides a method of screening drugs to identify those which are antibacterial by measuring the ability 
of the drug to interfere with the biosynthesis of UOP-Af- acetylglucosamine enolpyruvate by the enzyme. 

It has been shown that E. co/; UDP-W-acetylglucosamine enolpyruvyl transferase catalyses the addition of enol 
pyruvate from phosphoenolpyruvate (PEP) to UDP-AAacetylglucosamine with the production of UDP-A/-acetylglu- 
cosamine enolpyruvate and the release of inorganic phosphate. 

In a preferred embodiment, UDP-A^acetylglucosamine is incubated with PEP and in the presence of the UDP-W- 
acetylglucosamine enolpyruvyl transferase protein to generate inorganic phosphate which can be measured colori- 
metrically using a suitably sensitive procedure such as the Malachite Green method (Itaya, K. & Ui, M. Clin.Chim.Acta 
14.361 -366 (1966) to provide a measurement of UDP-N-acetylglucosamine enolpyruvyl transferase enzymatic activity 
The decrease of enzymatic activity in this reaction would Indicate the presence of an inhibitor 

In accordance with yet another aspect of the invention, there are provided MurA agonists and antagonists, pref- 
erably bacteristatic or bactericidal agonists and antagonists. 

The antagonists and agonists of the invention may be employed, for instance, to prevent, inhibit and/or treat dis- 
eases. 

Helicobacter pylori {herein 'H. pylori'} bacteria infect the stomachs of over one-third of the world's population 
causing stomach cancer, ulcers, and gastritis (International Agency for Research on Cancer (1994) Schistosomes, 
Liver Flukes and Helicobacter Pylori {\r\lemationa\ Agency for Research on Cancer, Lyon, France, http://www.uicc.ch/ 
ecp/ecp2904.htm). Moreover, the International Agency for Research on Cancer recently recognized a cause-and-etfect 
relationship between H. pyloriand gastric adenocarcinoma, classifying the bacterium as a Group I (definite) carcinogen. 
Preferred antimicrobial compounds of the invention {agonists and antagonists of MurA polypeptides and/or polynucle- 
otides) found using screens provided by the invention, or known in the art, particularly narrow-spectrum antibiotics, 
should be useful in the treatment of H. pyton infection. Such treatment should decrease the advent of H py/o/7- induced 
cancers, such as gastrointestinal carcinoma. Such treatment should also prevent, inhibit and/or cure gastric ulcers and 
gastritis. 

Vaccines 

There are provided by the invention, products, compositions and methods for assessing MurA expression, treating 
disease, assaying genetic variation, and administering a MurA polypeptide and/or polynucleotide to an organism to 
raise an immunological response against a bacteria, especially a Staphylococcus aureus bacteria. 

Another aspect of the invention relates to a method (or inducing an immunological response in an individual, par- 
ticularly a mammal which comprises inoculating the individual with MurA polynucleotide and/or polypeptide, or a frag- 
ment or variant thereof, adequate to produce antibody and/ or T cell immune response to protect said individual irom 
infection, particularly bacterial infection and most particularly Staphylococcus aureus infection. Also provided are meth- 
ods whereby such immunological response slows bacterial replication. Yet another aspect of the invention relates to 
a method of inducing immunological response in an individual which comprises delivering to such individual a nucleic 
acid vector, sequence or ribozyme to direct expression of MurA polynucleotide and/or polypeptide, or a fragment or a 
variant thereof, for expressing MurA polynucleotide and/or polypeptide, or a fragment or a variant thereof in vivo in 
order to induce an immunological response, such as, to produce antibody and/ or T cell immune response, including, 
for example, cytokine-producing Tcells or cytotoxic T cells, to protect said individual, preferably a human, from disease, 
whether that disease is already established within the individual or noL One example of administering the gene is by 
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by tself produce antibodies, but which is capable o s abtel m Tf" °' ^"^'^ "^^^ "-ay or mav « 

recombinant prolein, preiefably further comori«« =.„ ^"^ P™'erably protective properties Thus fuJ^ 

tn the sense of providing a generalised stimulation of heTmmunet?'""'''' "'P™'"'" ^= ^^fiuvan 

0 lissue damage include wounds in sicin or connecL tlJ^ .= . , "'''^'''^''^'°''«'"^9ed tissue. Examples 

th a'rmm"''?"'^'"'''^"'^''"-''"''"^^^^^^^^^ 

Thelnve ' "'^""^ °' """^ ^"'=h as the mouth, 

an immunogenic recombinant poiypept^e an* 

'he polypeptides andpolynucleolideLay be brotendolnh.r' ^ 
nduding for example, administration thlt is s™^^^^^^^^^^ 

su table for parenteral administration include aqueous !^d non r" °' intradermal. Formulations 

P eShe b,""?' r""*"""^* ' "es"^^^^^^^^^^^^ which may ZZ 

preferably the blood, of the individual; andaaueous anrtn„„ render the formulation isotonic with the bodilv fluid 

sealed ampoutes and vials and may be stored in a f reezeCd clnHr °" °' ""'^^"^^ "^^Bim,,,. for example 
carrier immediately prior to use. The vaccine forr^ulatton m=! ? °" '^""""^ ^=«'''i°n °' the sterile S 

nogenicty of the fom,u,ation, such as oil-in wafe^'ms and o,h°J" ^^^^i^S 'h 2 

Wl^'te Reinvention has been described with referencrioTr ,V?™*'P^ 
be understood that this covers fragments ofTe nltu^L ""''^ P°Vpeptides and polynucleotides it is to 

polypeptides and polynucleotides w'h add ,10^^ deiet <^^ltr:?°''''^'''" ^"'^ P^'^n-clo^'Wes and M^l 
nogenic properties of the recombinant PolypepUdes rp^Sr^ '° '^^ 
Compositions, kits and administration 

su tabla^o; H °' ^™'°^^3'ri='s (or use Xel tsue ' '°" ™^ "^P'"^^'' combination 

--e.oradm,nistrationtoanindividua,.SuchcompoS:— 
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tically effective amount ot a pofypeptide and/or polynucleotide of the invention and a pharnnaceulically acceptable 
carrier or excipient. Such carriers may include, but are not limited to, saline, buffered saline, dextrose, water, glycerol, 
ethanol and combinations thereof. The formulation should suit the mode of administration. The invention further relates 
to diagnostic and pharmaceutical packs and kits comprising one or more containers filled with one or more of the 
5 Ingredients of the aforementioned compositions of the invention. 

Polypeptides, polynucleotides and other compounds of the invention may be employed alone or in conjunction 
with other compounds, such as therapeutic compounds. 

The pharmaceutical composilbns may be administered in any effective, convenient manner including, for instance, 
administration by topical, oral, anal, vaginal, intravenous, intraperitoneal, intramuscular, subcutaneous, intranasal or 
10 intradermal routes among others. 

In therapy or as a prophylactic, the active agent may be administered to an individual as an injectable composition, 
for example as a sterile aqueous dispersion, preferably isotonic. 

Alternatively the composition may be formulated for topical application for example in the form of ointments, creams, 
lotions, eye ointments, eye drops, eardrops, mouthwash, impregnated dressings and sutures and aerosols^ and may 
'5 contain appropriate conventional additives, including, for example, preservatives, solvents to assist drug penetration, 
and emollients in ointments and creams. Such topical formulations may also contain compatible conventional carriers, 
for example cream or ointment bases, and ethanol or oteyi alcohol for lotions. Such carriers may constitute from about 
1% to about 98% by weight of the formulation; more usually they will constitute up to about 60% by weight of the 
formulation. 

20 In a further aspect, the present invention provides for pharmaceutical compositions comprising a therapeutically 

effective amount of a polypeptide and/or polynucleotide, such as the soluble form of a polypeptide and/or polynucleotide 
of the present invention, agonist or antagonist peptide or small molecule compound, in combination with a pharma- 
ceuttcally acceptable carrier or excipient. Such carriers include, but are not limited to, saline, buffered saline, dextrose, 
water, glycerol, ethanol. and combinations thereof. The invention further relates lo pharmaceutical packs and kits com- 

2S prising one or more containers filled with one or more of the ingredients of the aforementioned compositions of the 
invention. Polypeptides, polynucleotides and other compounds of the present invention may be employed alone or in 
conjunction with other compounds, such as therapeutic compounds. 

The composition will be adapted to the route of administration, for instance by a systemic or an oral route. Preferred 
forms of systemic administration include injection, typically by intravenous injection. Other injection routes, such as 

30 subcutaneous, intramuscular, or intraperitoneal, can be used. Alternative means for systemic administration include 
transmucosal and transdermal administration using penetrants such a%^ile salts or fusldic acids or other detergents. 
In addition, if a polypeptide or other compounds of the present Invention can be formulated in an enteric or an encap- 
sulated formulation, oral administration may also be possible. Administration of these compounds may also be topical 
and/or localized, in the form of salves, pastes, gels, and the like. 

35 For administration to mammals, and particularly humans, it is expected that the daily dosage level of the active 

agent will be from 0.01 mg/kg to 10 mg/kg. typically around 1 mg/kg. The physician in any event will determine the 
actual dosage which will be most suitable for an individual and will vary with the age, weight and response o( the 
particular individual. The above dosages are exemplary of the average case. There can, of course, be individual In- 
stances where higher or lower dosage ranges are merited, and such are within the scope of this invention. 

^0 In-dwelling devices include surgical implants, prosthetic devices and catheters, i.e., devices that are introduced 

to the body of an individual and remain in position tor an extended time. Such devices include, for example, artificial 
joints, heart valves, pacemakers, vascular grafts, vascular catheters, cerebrospinal fluid shunts, urinary catheters, 
continuous ambulatory peritoneal dialysis (CARD) catheters. 

The composition of the invention may be administered by injection to achieve a systemic effect against relevant 

4S bacteria shortly before Insertion of an in-dwelling device. Treatment may be continued after surgery during the in-body 
time of the device. In addition, the composition could also be used to broaden perioperative cover for any surgical 
technique to prevent bacterial wound Infections, especially Staphylococcus aureus wound infections. 

IVlany orthopedic surgeons consider that humans with prosthetic joints should be considered for antibiotic proph- 
ylaxis before dental treatment that could produce a bacteremia. Late deep infection is a serious complication sometimes 

50 leading to loss of the prosthetic joint and is accompanied by significant morbidity and mortality It may therefore be 
possible to extend the use of the active agent as a replacement for prophylactic antibiotics in this situation. 

In addition to the therapy described above, the compositions of this invention may be used generally as a wound 
treatment agent to prevent adhesion of bacteria to matrix proteins exposed in wound tissue and for prophylactic use 
In dental treatment as an alternative to, or in conjunction with, antibiotic prophylaxis. 

55 Alternatively, the composition of the invention may be used to bathe an indwelling device immediately before in- 

sertion. The active agent will preferably be present at a concentration of l(ig/ml to lOmg/ml for bathing ol wounds or 
indwelling devices. 

A vaccine composition Is conveniently in injectable form. Conventional adjuvants may be employed to enhance 
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sequence Databaseo. Sequences in a Tangible Medium, and Algorithms 

easily .aci,i,a,ed by sio.ing sequenc i ' ^Xt :al"::Td' ^ '^"^ '"""^^'^^ ™ , 
macromolecular s„uc,ura program cr to search aXan e date aTe^^^^^^^^^ "^'"9 ^'o-'' <^«^ - a Koom, 
The polynucleolida and polypeplide sequences of the Ltnu!! ^ '^^'^'^'"9 as GCC 

uselu, tor search analyses as well'as in sequence ^^^^^^^^^ ~-P°-n'= - databases 

Databases, Sequences in a Tangible Medium, and AShl ' and in "Sequence 
nuclec ,de of the inveniion" and •polynucleotide sequ ncfoMnetnvemio '° '"^ 

Characteristic ol a polynucleotide of the invention that is or mav be eduTn > P'^V^"^' 
a oornpuler readable form. For example. chromatog aphrsLn cS^ "."i^ hT':^ P'^'^'^'-'V 
the eirom, called bases, and mass spectrographic data A us^d in fht T P''°'°9"'P'^i<= <lata or scan data 

in Claims related thereto, the terms ■polypeptide of th^nvent on an^ , " ^"'"'^^ and Algorithms and 

ppgrm^i;— 
"^^^serr^s^rn:::;?^^^^^^^^^^^^^ 

and/orpo,ynuc,eo,idesequence7o?the r^ntn t^:^^^^^^^^ 

and having stored .hereon a member selected from the grrpls'sZ "T^" P™'^^^^ ^P-^P^'^Q 

of a polynucleotide of the invention; a poiypeptideromorShrr ^ P°'>'""'='«°'«« ^"'^Prising the sequence 
a set of polynucleotide sequences where n at leas one ^ he seouen^^^^^^^ ' '""'""''^ ™' 
sequence ol the invention; a set of polypeptide sequencll wherr ,n °* ' polynucleotide 

quence of a polypeptide sequence of me invention a dala seT else ^^''""""^ =°'"P""= 

seqtrence of polynucleotide sequence of the inventbn a dat se r ' ^°'"P''='"9 
a polypeptide sequence comprising the sequence of a DolvnenS. ^ Polynucleotide sequence encoding 

pnsing the sequence of a polynucleotide sequenci of meTnvfn °' ^ Polynucleotide com 

polypeptide sequence of the invention; a set o?prnucl«idreo^"^^^ "h^"'"*' "'"P"^'"^ =«9"^"ce of a 
prises the sequence of a polynucleotide sequencro e j t^^^^^^^^ " °- °' '^^ ^^''"ences corn- 

one 01 said sequences compnses the sequence of a p^plt da" ouenl^^^^^^^^^^ ''""^""^ ^'""^ ^' 
polynucleotide sequence comprising the sequence of^DorJr.itZ ^ '™^""°"' ^ "^^'^ '^presenting a 

senting a polynucleotide sequence encoding a po yp ptide ™^^ °' '^^ - ^-'^ set repL 

quence of the invention. The computer readLle S can be anv . '"''"^ °' ^ P°'yP^P"^« 

or., including, ,ore.ample,commerciallyavailab,erpp^^^^^ 

seq:n\~r~^^^^^ 

sequence homology analysis, such as identity and sim'rrra nlT rm?" '''' '°' "^'"P'^' °< 

ctedistic analysis, sequence motif analysis, open reaCf^le""^ , ^'^'"^'^^ 

base tnmming, and sequencing chromatogram pea'ana Jl^ ^^'^ calling, nucleic acid 

oipro«;^r«:st:rors™^ 

readable medium; and comparing said first polynucleot^e equTnce °' " ^ ^-P"'- 

tide sequence to identify homology ^''"^™^'°^"«^5'0"8sa™nd polynucleotide or polypep. 

.epsXrCCr^^^^^^^^^^ -;-.ion, said method comprising the 

:rn=^;.i7r;r^^^^^"^ 

0.:pr:vrgr.pZ:c1Ss~e3S^^^^^ 
readable medium; and screening tor\, leas^ne oveXpinrre^^^^^^ 

at least one second polynucleotide or polypeptide seauence ' '''' P°'y""=l=o'ide sequence and 

Acomputerbasedmethodisstillfunherprovidedforpo.nuc,eo,ideassemb,y.saidmethodcomprisi„gthe3teps 
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of: providing a first polypeptide sequence comprising a polypeptide of the invention in a computer readable medium; 
and screening for at least one overlapping region between said first polypeptide sequence and at least one second 
polynucleotide or polypeptide sequence. 

In another preferred embodiment of the invention there is provided a computer readable medium having stored 
thereon a member selected from the group consisting of: a polynucleotide comprising the sequence of SEQ ID NO:l 
or 3; a polypeptide comprising the sequence of SEQ ID NO:2 or 4; a set of polynucleotide sequences wherein at least 
one of said sequences comprises the sequence of SEQ ID NO;1 or 3; a set of polypeptide sequences wherein at least 
one of said sequences comprises the sequence of SEQ ID NO:2 or 4; a data set representing a polynucleotide sequence 
comprising the sequence of SEQ ID NO: 1 or 3; a data set representing a polynucleotide sequence encoding a polypep- 
tide sequence comprising the sequence of SEQ ID NO:2 or 4; a polynucleotide comprising the sequence of SEQ ID 
NO:1 or 3; a polypeptide comprising the sequence of SEQ ID NO:2 or 4; a set of polynucleotide sequences wherein 
at least one of said sequences comprises the sequence of SEQ ID NO:1 or 3; a set of polypeptide sequences wherein 
at least one of said sequences comprises the sequence of SEQ ID NO:2 or 4; a data set representing a polynucleotide 
sequence comprising the sequence of SEQ ID NO: 1 or 3; a data set representing a polynucleotide sequence encoding 
a polypeptide sequence comprising the sequence of SEQ I D NO: 2 or 4. A further preferred embodiment of the invention 
provides a computer based method for performing homology identification, said method comprising the steps of pro- 
viding a polynucleotide sequence comprising the sequence of SEQ ID NO:1 or 3 in a computer readable medium; and 
comparing said polynucleotide sequence to at least one polynucleotide or polypeptide sequence to identify homology 

A still further preferred embodiment of the invention provides a computer based method for performing homology 
identification, said method comprising the steps of: providing a polypeptide sequence comprising the sequence of SEQ 
ID N0:2 or 4 in a computer readable medium; and comparing said polypeptide sequence to at least one polynucleotide 
or polypeptide sequence to identify homology 

A further embodiment of the invention provides a computer based method for polynucleotide assembly said method 
comprising the steps of: providing a first polynucleotide sequence comprising the sequence of SEQ ID NO:i or 3 in a 
computer readable medium; and screening for at least one overlapping region between said first polynucleotide se- 
quence and a second polynucleotide sequence, 

A further embodiment of the invention provides a computer based method for performing homology identification, 
said method comprising the steps of: providing a polynucleotide sequence comprising the sequence of SEQ ID NO:1 
or 3 in a computer readable medium; and comparing said polynucleotide sequence to at least one polynucleotide or 
polypeptide sequence to identify homology 

All publications and references, including but not limited to patents and patent applications, cited in this specification 
are herein incorporated by reference in their entirety as if each individual publication or reference were specifically and 
individually indicated to be incorporated by reference herein as being fully set forth. Any patent application to which 
this application claims priority is also incorporated by reference herein in its entirety in the manner described above 
for publications and references. 

GLOSSARY 

The following definitions are provided to facilitate understanding of certain terms used frequently herein. 

"Antibody(ies)" as used herein includes polyclonal and monoclonal antibodies^ chimeric, single chain, and human- 
ized antibodies, as well as Fab fragments, including the products of an Fab or other immunoglobulin expression library. 

'Antigenically equivalent derivative(s)' as used herein encompasses a polypeptide, polynucleotide, or the equiv- 
alent of either which wiil be specifically recognized by certain antibodies which, when raised to the protein, polypeptide 
or polynucleotide according to the invention, interferes with the immediate physical interaction between pathogen and 
mammalian host. 

'Bispecific antibody(ies)' means an antibody comprising at least two antigen binding domains, each domain di- 
rected against a different epitope. 

'Bodily material(s) means any material derived from an individual or from an organism infecting, infesting or In- 
habiting an individual, including but not limited to. cells, tissues and waste, such as, bone, blood, serum, cerebrospinal 
fluid, semen, saliva, muscle, cartilage, organ tissue, skin, urine, stool or autopsy materials.. 

*Disease(s)" means any disease caused by or related to infection by a bacteria, including , for example, disease, 
such as, infections of the upper respiratory tract (e.g., otitis media, bacterial tracheitis, acute epiglottitis, thyroiditis), 
lower respiratory (e.g., empyema, lung abscess), cardiac (e.g., infective endocarditis), gastrointestinal (e.g., secretory 
diarrhoea, splenic abscess, retroperitoneal abscess), CNS (e.g.. cerebral abscess), eye (e.g., blepharitis, conjunctivitis, 
keratitis, endophthalmitis, preseptal and orbital cellulitis, darcryocystitis), kidney and urinary tract (e.g., epididymitis, 
intrarenal and perinephric abscess, toxic shock syndrome), skin (e.g., impetigo, folliculitis, cutaneous abscesses, cel- 
lulitis, wound infection, bacterial myositis) bone and joint (e.g., septic arthritis, osteomyelitis). 

"Fusion protein(s)" refers to a protein encoded by two, often unrelated, fused genes or fragments thereof. In one 



23 



EP 0 890 644 A2 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



55 



as a pari of a fusion protein is advantageous for Z ^tlrl 2,T^ ' '^"""""S ™"'""°9lobulin Fc region 
Pharmacokinetic properties [see, e.g.. EP-A 02322621 ^ Z l t '^""'"^ '°' ^"^"^'^^ 

abie ,0 delete tfte Fc par, after the fusion pZn has Le" express! ."t 7 " "> 

■Host cell(s)- is a cell which has l,»»n , J! . I sxprassed. detected and purified. 
..by,an exogenous po^nulo.lde sequence " °' ^'^'^^ °' °' t-sfection 

nucier!;reira:.::Lr^Tra^d'^^^^^^^^^^^ 

means the degree of sequence -laledneL P weanTorpep deTZ^^^^^^ .T"™"' ''^^"'''y ' 

as delemnrned by the match between strings of such ~c^1ZZ^Th ^ ™V 

including but not limited to those described in (ComZ^^^i McfTl^ T '^^^^^ 

Press, New York. 1988, BiocompuUng: MferrnLra^^Tl^f f c * ^hiversity 

York, 1993; Analysis Of sJiueZ^^Zf o^^TT^""^^^^^^^^ ^ - ^'^"^'^ New 

Jersey, ,994; S„e Ar^iy^^ m lllecuZr^lgy'"^ G Acad o"' • """"^ 

P/rmer, Gribskov. M. and Devereux, J., eds M StocMon Pres^ T^w v . f!^" ' S^O'^^nce Analysis 

J. AppllsdMsm.. 48: ,073(1988). Methods mi ridentitv aTer; h^^ " ■ ^""^'P™"' °- ^'AM 

sequences tested. Moreover, methodstodetermine are^o^:' ° "'3'" '^^ 

pulerprogrammethodstodetermineldemitybZeen ^seTue^ 7. 
package (Devereux, J., et al., Nucl.lc AcJs R^earJZ^^^^^^ 

S_F. et al., J. Molec. Biol 5;5;403-410 (1 990) The1uSTXo;f rll 'k, .^^'^^ ^'"^'"^ (A"«hul, 

reWST-Afanua/, Altschul, S., etal. NCBI M M NIH r:::.::'^^"^ P."? ^CBI and other sources 

(1990). The well known Smith Waterman algorrthm n^y als^e usedio di ' ■ ^'^- ^^S-^IO 

Parameters for polypeptide sequence comparison indude ^heCwing ™ 

1 ) Algorithm: Needleman and Wunsch, J. Mol Biol 48' 443453 (i s7oi 

G:Xry:T2*^^°^^^-^---"^-----.^ 

Gap Length Penalty 4 

penalty for end gaps). P^^^^eters are the defauit parameters for peptide comparisons (along with no 

Parameters for polynucleotide comparison include the following: 

1} Algorithm: Needleman and Wunsch. J. Mol Biol. 48: 443-453 (1970) 
Companson matrix: matches = +10. mismatch . 0 ^ ^ 

Gap Penalty: 50 
Gap Length Penalty: 3 

r;u~ ro:^::'sTnr "-"^^^ ^-^^ ^l. These are the default parameters 

andf2,''bei:r ^"'"^ P°'^"--^''- P°'VP^P«-s. as the case may be, are provided in (,) 

said polynucleotide sequence may be identical ,o the I™ '^""^ '° NO:,, wherein 

certain integer number of nucleotide altera Ions as o—Z Z^T' '° ' " ™V include up ,o a 

selectedlrom.hegroupconsistingolalleasonenucTeSHjp,^^^ 
or insertion, and wherelnsaidalte^ations rSyrcurat h^S^^^^^^^^^^ 

or anywhere between those terminal positions inrrersed efih^^^^^^^^ 
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wherein is the number of nucleotide alterations. x„ is the total number of nucleotides in SEQ 10 N0;1 . y is 0.50 for 
50%. 0.60 for 60%. 0.70 for 70%, 0.60 lor 60%. 0.85 for 85%. 0.90 for 90%. 0,95 for 95%. 0.97 for 97% or 1.00 for 
100%. and • is the symbol for the multiplication operator, and wherein any non-integer product of and y is rounded 
down to the nearest integer prior to subtracting it from x^. Alterations of a polynucleotide sequence encoding the 
polypeptide of SEQ ID NO:2 may create nonsense, missense or frameshift mutations in this coding sequence and 
thereby alter the polypeptide encoded by the polynucleotide following such alterations. 

By way of example, a polynucleotide sequence of the present invention may be identical to the reference sequence 
of SEQ ID NO:l. that is it may be 100% identical, or it may include up to a certain Integer number of nucleic acid 
alterations as compared to the reference sequence such that the percent identity is less than 100% identity Such 
alterations are selected from the group consisting of at least one nucleic acid deletion, substitution, including transition 
and transversion, or insertion, and wherein said alterations may occur at the 5' or 3' terminal positions of the reference 
polynucleotide sequence or anywhere between those terminal positions, interspersed either individually among the 
nucleic acids in the reference sequence or in one or more contiguous groups within the reference sequence. The 
number of nucleic acid alterations for a given percent identity is determined by multiplying the total number of nucleic 
acids in SEQ ID NO: 1 by the integer defining the percent identity divided by lOO and then subtracting that product 
from said total number of nucleic acids in SEQ ID NO:l. or: 

wherein n^ is the number of nucleic acid alterations, x„ is the total number of nucleic acids in SEQ ID NO; 1 . y is, for 
instance 0.70 for 70%, 0.60 for 80%. 0.85 for 85% etc., • is the symbol for the multiplication operator, and wherein any 
non-integer product of x^ and y is rounded down to the nearest integer prior to subtracting it from x„. 

(2) Polypeptide embodiments further include an isolated polypeptide comprising a polypeptide having at least a 
50.60, 70. 80, 85. 90. 95, 97 or 100% identity to a polypeptide reference sequence of SEQ ID NO:2, wherein said 
polypeptide sequence may be identical to the reference sequence of SEQ ID NO:2 or may include up to a certain 
integer number of amino acid alterations as compared to the reference sequence, wherein said alterations are selected 
from the group consisting of at least one amino acid deletion, substitution, including conservative and non-conservative 
substitution, or insertion, and wherein said alterations may occur at the amino- or carboxy-terminal positions of the 
reference polypeptide sequence or anywhere between those terminal positions, interspersed either individually among 
the amino acids in the reference sequence or in one or more contiguous groups within the reference sequence, and 
wherein said number of amino acid alterations is determined by multiplying the total number of amino acids in SEQ ID 
NO:2 by the Integer defining the percent identity divided by 1 00 and then subtracting that product from said total number 
of amino acids in SEQ ID NO:2. or: 

wherein is the number of amino acid alterations, Xg is the total number of amino acids in SEQ ID NO:2, y is 0.50 
for 50%, 0.60 for 60%. 0.70 for 70%, 0.80 for 80%, 0.85 for 85%, 0.90 lor 90%. 0.95 for 95%, 0.97 for 97% or 1 .00 for 
100%. and • is the symbol for the multiplication operator, and wherein any non-integer product of x^ and y is rounded 
down to the nearest integer prior to subtracting it from Xg. 

By way of example, a polypeptide sequence of the present invention may be identical to the reference sequence 
of SEQ ID NO:2, that is it may be 100% identical, or it may include up to a certain integer number of amino acid 
alterations as compared to the reference sequence such that the percent identity is less than 100% identity Such 
alterations are selected from the group consisting of at least one amino acid deletion, substitution, including conserv- 
ative and non-consen/ative substitution, or Insertion, and wherein said alterations may occur at the amino- or carboxy- 
terminal positions of the reference polypeptide sequence or anywhere between those terminal positions, interspersed 
either individually among the amino acids in the reference sequence or in one or more contiguous groups within the 
reference sequence. The number of amino acid alterations for a given % identity is determined by multiplying the total 
number of amino acids in SEQ ID N0:2 by the Integer defining the percent identity divided by 1 00 and then subtracting 
that product from said total number of amino acids in SEQ ID NO:2, or: 

wherein is the number of amino acid alterations, Xg is the total number of amino acids in SEQ ID N0:2. y is, for 
instance 0.70 for 70%, 0.80 for 80%. 0.85 for 85% etc.. and • is the symbol for the multiplication operator, and wherein 
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40 



45 



SO 



ss 



bovid, a Simian, a prima.e. and a human ^ ' "°' """"^ '° ^ ^ ™mmal. an ovid, a 

'° o,;^rrmr:^rerrer;:^^^^ 

a living organism is no. -iscla.ad,- but the 33^^20^13™ or a polypeptide natural^ present in 

o( its natural state is -isolated' as the term is ermtovedTel^^r^^^ 

introduced into an organism by .ransformaZ gZi^r^anb I on oTb?"' ' r''""''°"'^ " '^'"'""^^ 

^^"■or:i;,s::r""""=^"°'^"'=--'^^^°"^^^^^^^^^^^ 

a ..ember of the species or group, Group A sisp,o^uTZTBsZ7„ '"T' ™' '''""^^ 

D Sfrepfococeus, Group G Sireptococajs simntnZ. Steptocoai/s, Group C Srreptococci/s Group 

>ac„ae. Streptococcus fascal^'stZ^^o^'^:^^^^^^^^ P/TO Streptococcus Z- 

cobacteriurr^ tutorcutosis. MycotactorL 6om C^^LZfci^f TT'™^^ .ap/nafe, My- 

rael,,, Listeria morK>cytoger,es Bordetella oenusTTZT ' '^>^°*«'='e™'" leprae, Actinomycles is- 

coll. S.«e//a Ml!.Hsen.opmu^^^^^^^^ broncNseptica. Esluer,c„s 

usducreyi, Bordetella. Salmonella typhi cZZcl^ZZTZ t^^^^ HaermpM- 

sislla pneumoniae. Serratia marclsens. SeTm^ZX^l°'Z7T^^^ "'T' 

Pseudomonas aeruginosa. Franscisella l./ar^ rlSirBal^i"; 1 ^"'^^"^ « 
pennngens. Clostridium tetani, Clostridium bolulinumT^Lnll !J ^^"'"^ Clostridium 

chomitis. (ii) an archaeon. including JZ jmTZ' I^^l PaMum. Rickettsia rickettsli an6 Chlamydia tra- 
including bu, not limited to, a protoz^n, a^un™ a r^embe^oTfhT ' ' c""* ' °' «"^-'Vote. 

and a member of the species Sac^toornr^^^^^ Sacct^romyces. Kluveromyces. or Candida. 

■Polynucleo.ide(s)- generally refers to a^! n^hlZ ' f'^f °< Candida albicans. 
HedRNAorDNAormi^LdRtAorDNA -Z^^^^^^^^^ 

DNA, DNA that is a mixture of single- and doubl"de^^^ 'T'°"- ='"9'- -'^ double-stranded 

Single- and double-stranded RNA. an'd RNA that s m LtuH, ^""^ triple-stranded regions, 

comprising DNA and RNA that may be sin^e s^Tmore ?vnt' !""°"'"^-^"^"<'«d '^9ions. hybrid molecules 
oramixtureo(single.anddouble-stranded^,rs7n1ddiion Xul^f^^ 

regions comprising RNA or DNA or both RNA and DNA ^e str^nll h 'o'^Ple-slranded 
or from dilfereni molecules. The regions may ticlude ail of nn» . f ''^ """^ "molecule 

only a region ol some of Ihe molecule o'^o "he 'VPicaliy involve 
used herein, the term •polynucleotide(s)- also includTs DNAs o RNA ? 'T" oligonucleotide. As 

modified bases. Thus, DMAs or RNAs w th bacrnnp! J^n^^f . ^ ^e^ttoed above that contain one or more 

" as that term is intended herein Moreol D^As or RNAs L^^^^^ " " " ■P°'Vnucleot«e( 
bases, such as tritylated bases to name lust i™ ™« '^f ^"'^ ^= °' mo^'isd 

appreciated that a great variety .^^r^olcat rha ^ n™! ^= '^^ - "'^^ herein, „ will be 

known to those ol sKil, in the 1. Ttt^ "o 'n jc eo de(T^^^^^^^ IZ"T ^"^ """^^'^^ 

enzymatical^ or metabolically modified forms of potnuSL, 1 7 ^^'" '"'^ oUemicalt^. 
characteristic of virusesandcells, includin^tor eX^™s moi^f^^^^^^^^ ™ =' DNA and RNA 

short polynucleotides Often referredtoas oiigonSide^r ' 

bonds"ordri;t;rcn^-;^^^^^^^^ 

gopeptidesandoligomersand to longer chains generat^^^^^^ f' T"''"'^ '° P^P''''^^' oii- 

other than the 20 gene encoded amino aclZ'^ZZ^Z^'^^^T'"'- PolyP^P«=<es may contain 

amino acids 

- as processing and other pos.-transla.ional mSlt, tyTher ir:i:rtrn!^^^^^^^^ 



30 



35 



26 



EP 0 890 644 A2 



modifications are well described in basic texts and in more detailed monographs, as well as in a voluminous research 
literature, and they are well known to those of skill in the art. It will be appreciated that the same type of modification 
may be present in the same or varying degree at several sites in a given polypeptide. Also, a given polypeptide may 
contain many types of modifications. Modifications can occur anywhere in a polypeptide, including the peptide back- 
bone, the amino acid side-chains, and the amino or carboxyl termini. IVIod if ica lions include, for example, acetylation, 
acylatlon, ADP-ribosylation. amidation. covalent attachment of flavin, covalent attachment of a heme moiety, covalent 
attachment of a nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid derivative, covalent attachment 
of phosphotidylinositol. cross-linking, cyclization. disulfide bond formation, demethylation. formation of covalent cross- 
links, formation of cysteine, formation of pyroglutamate, formylatton. gamma -carboxylat ion. GPI anchor formation, hy- 
droxylation, iodination, methylation, myristoylation, oxidation, proteolytic processing phosphorylation, prenylation. ra- 
cemization. glycosyiation. lipid attachment, sulfation, gamma-carboxytation of glutamic acid residues, hydroxylation 
and ADP-ribosylation, selenoylation, sulfation, transfer-RNA mediated addition of amino acids to proteins, such as 
arginylation, and ubiquitination. See. for instance, PROTEINS - STRUCTURE AND MOLECULAR PROPERTIES, 2nd 
Ed.. T. E. Creighton. W. H. Freeman and Company, New York (1993) and Wold, F.. Posttranslational Protein Modifica- 
tions: Perspectives and Prospects^ pgs. 1-12 in POSTTRANSLATIONAL COVALENT MODIFICAVON OF PROTEINS, 
B. C. Johnson, Ed.. Academic Press. New York (1 993); Seifter et al., Meth. Enzymol. ?82:62S-646 (1990) and Rattan 
el al.. Protein Synthesis: Posttranslational Modifications and Aging. Ann. N.Y. Acad. Sci. 663: 48-62 (1992). Polypep- 
tides may be branched or cyclic, with or without branching. Cyclic, branched and branched circular polypeptides may 
result from post-translational natural processes and may be made by entirely synthetic methods, as well. 

"Recombinant expression system(s)" refers to expression systems or portions thereof or polynucleotides of the 
invention introduced or transformed into a host cell or host cell tysate for the production of the polynuclectides and 
polypeptides of the invention. 

■Subtraction set" is one or more, but preferably less than 100, polynuclectides comprising at least one polynucle- 
otide of the invention 

"Variant(s)' as the term is used herein, is a polynucleotide or polypeptide that differs from a reference polynucleotide 
or polypeptide respectively, but retains essential properties. A typical variant of a polynucleotide differs in nucleotide 
sequence from another, reference polynucleotide. Changes in the nucleotide sequence of the variant may or may not 
alter the amino acid sequence of a polypeptide encoded by the reference polynucleotide. Nucleotide changes may 
result in amino acid substitutions, additions, deletions, fusion proteins and truncations in the polypeptide encoded by 
the reference sequence, as discussed below. A typical variant of a polypeptide differs in amino acid sequence from 
another, reference polypeptide. Generally, differences are limited so that the sequences of the reference polypeptide 
and the variant are closely similar overall and, in many regions, identical. A variant and reference polypeptide may 
differ in amino acid sequence by one or more substitutions, additions, deletions in any combination. A substituted or 
inserted amino acid residue may or may not be one encoded by the genetic code. The present invention also includes 
include variants of each of the polypeptides of the invention, that is polypeptides that vary from the referents by con- 
sen/ative amino acid substitutions, whereby a residue is substituted by another with like characteristics. Typical such 
substitutions are among Ala, Val. Leu and Me; among Ser and Thr; among the acidic residues Asp and Glu; among 
Asn and Gin; and among the basic residues Lys and Arg; or aromatic residues Phe and Tyr. Particularly preferred are 
variants in which several, 5-10, 1-5, 1 -3, 1-2 or 1 amino acids are substituted, deleted, or added in any combination. 
A variant of a polynucleotide or polypeptide may be a naturally occurring such as an allelic variant, or it may be a 
variant that is not known to occur naturally. Non-naturally occurring variants of polynucleotides and polypeptides may 
be made by mutagenesis techniques, by direct synthesis, and by other recombinant methods known to skilled artisans. 

EXAfWPLES 

The examples below are carried out using standard techniques, which are well known and routine to those of skill 
in the art, except where othonwise described in detail. The examples are illustrative, but do not limit the invention. 

Example 1 Strain selection, Library Production and Sequencing 

The polynucleotide having a DNA sequence given in Table 1 (SEQ ID NO:1 or 3] was obtained from a library of 
clones of chromosomal DNA of Staphylococcus aureus in E. coli. The sequencing data from two or more clones con- 
taining overlapping Staphylococcus aureus DNAs was used to construct the contiguous DNA sequence in SEQ ID NO: 
1 . Libraries may be prepared by routine methods, for example: 

Methods 1 and 2 below. 

Total cellular DNA is isolated from Staphylococcus aureus WCUH 29 according to standard procedures and size- 
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fractionated by either of two methods. 
Method 1 



DNA polymerase. andEooR, -inkers added Fragrnrare Lted n^l? ^»""'='««=« ^ 

Boon, the library packaged by standard mocXTJti pTr '^'"^ ^^"^ ^^^^ "een cut with 

plified by standard procedures P'»^"res and E.col, inlected w,ih the packaged library. The library is Z 



Method 2 



fractionated according to standard procedures. EcoR I'nto 1 tot^d nf "'^'^'"'^ ^'^ 

.n o the vector Untbda Zapll that have been cut wirEcoRrthe 1™^^ t ""S-^^"'^ «93'e<^ 

infected with the packaged library. The library is ar^ lifed by s.^ d^d'^p ' 
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Annex to the description 

SEQUENCE LISTING 

5 

(1) GENERAL INFORMATION: 

,P (i) APPLICANT: SmithKiine Beecham Corporation & SmithKline 

Beecham Pic. 

(ii) TITLE OF INVENTION: MurA 

15 

(iii) NUMBER OF SEQUENCES: 6 

20 (iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: SmithKline Beecham^ Corporate Intellectual 
Property 

CB) STREET: Two New Horizons Court 
(C) CITY: Brentford 
CD) STATE: Middlesex 

(E) COUNTRY: United Kingdom 

(F) ZIP: TW8 9EP 

30 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: Windows 95 

(D) SOFTWARE: FastSEQ for Windows Version 2.0b 

40 (vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

45 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 60/052,214 

(B) FILING DATE: lO-JUL-1997 

so 
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10 



(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: CONNELL, Anthony Christopher 

(B) REGISTRATION NUMBER: 5630 & 26758 

(C) REFERENCE/ DOCKET NUMBER: GM10O33 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: +44 1279 644 395 

(B) TELEFAX: +44 181 975 6294 

(C) TELEX: 



(2) INFORMATION FOR SEQ ID N0:1: 

20 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1634 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: double 
25 (D) TOPOLOGY: linear 



30 



fxil SEQUENCE DESCRIPTION: SEQ ID N0:1: 



40 



45 



SO 



ATGTATTTGT ATTGCCTATT GGGCTIAACA ATCAATTAGA TTAGATCAAT TTTTTAAAAA 
AGGATACCCC ACTCAATTAC AAGTGTGTAT CATATGTGTT GCTAmXAT rZll^, 
AGTAAGCAAT TTTATTGTAG ATGTGITACA ATACTCGACG CAGGTAAAAT ATTTmM 
ATAAGTCTAA CTCTATGATG TGTAAICAAA ACrAGATATA ATTAAATAAT GACi™ 
AATTTTAAAA TAGGGAAATG TAAAGTAATA GGAGTTCTAA GIGGAGGATT TACm 
AAAATAGTAA TCAAAGGTGG AAATAAATTA ACGGGTGAAG TTAAAGT^" ZZllZ 

aa™ ..ccaataxt gacagcatct ™cTr cgatI : olZZZ 

GTTAATGTTC CAGCTTTAAG TGATGTAGAA ACAATAAATA ATGTATTAAC AActXJ 
GCTGACGTTA CATACAAAAA GGACGAAAAT GCTGTTGTCG TTGATGCAAC ^o7c^l 

CCTCTTrrAG CAAGACTAGG ACATGCTATT GTTGCATTGC CTGGTGGTTG TGCAATTGGA 
ACTAGACCGA TrGAGCAACA CATTAAAGGT TTTGAAGCTT TAGGCGCAGA Aa™. 
GAAAATGGTA ATATTTATGC TAATGCTAAA GATGGATTAA AAGGTACATC J^"™ 
GATTTTCCAA GTGTAGGAGC AACACAAAAT ATTATTATGG CAGCATCATT AGcJmGGgJ 
AAGACTTTAA TTGAAAATGC AGCTAAAGAA CCTGAAATTG TCGATTTAGC ^c^cA , 
AATGAAATGG GTGGTAGAAT TACTGGTGCT GGTACAGACA CAATTACAAT 

AATCArTAC ATGGTGTAGA ACATGCTATC ATTCCAGATA GAATTCAAGC ZIZIZ 
CTAATCGCTG GTGCCATTAC TCGTGGCGAT ATTTTTGTAC GTGGT3CAAT C^ZZ 
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5 



10 





TAGTGTATAA 




ATGGGCGTTG 


a a TTftr; a fT a 




114 0 




TAAGAGCTHA 


rvuunun i x i r\ 


CAGCCTG TTG 




Al iA^^<jCAi 


1^00 


CCTGGTTTCC 


CAACCGATAT 


GPAGTrArAA 


ATGATGGCAT 




Aot^AAA^rfljljA 


1 1 ^ rt 


- f aTa a anTar; 

A i nnJvj I n\3 


TflaPTfiaa af~ 




aaTi^rtTTTTa 




AGAGTTCAAA 


1320 


CGTATGAACG 


CGAACATCAA 


TGTTGAAGGT 


CGCAGTGCAA 


AACTTGAAGG 


CAAAAGTCAA 


1380 


TTGCAAGGTG 


CGCAAGTTAA 


AGCGACTGAT 


TTAAGAGCAG 


CAGCAGCCTT 


AATTTTAGCT 


1440 


GGATTAGTTG 


CTGATGGTAA 


AACAAGTGTC 


ACTGAATTGA 


ATCATTTAGA 


TAGAGGATAT 


1500 


GTTGACTTAC 


ATGGCAAATT 


GAAGCAATTA 


GGTGCAGACA 


TTGAACGTAT 


TAACGATTAA 


1560 


TTCAGTAAAT 


TAATATAATG 


GAGGATTTCA 


ACCATGGAAA 


CAATTTTTGA 


TTATAACCAA 


1620 


ATTAAACAAA 


TTAT 










1634 



(2) INFORMATION FOR SEQ ID NO: 2: 

(il SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 421 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



20 



25 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



30 



35 



40 



Met Asp Lys He Val lie Lys Gly Gly Asn Lys Leu Thr Gly Glu Val 

15 10 15 

Lys Val Glu Gly Ala Lys Asn Ala Val Leu Pro He Leu Thr Ala Ser 

20 25 30 

Leu Leu Ala Ser Asp Lys Pro Ser Lys Leu Val Asn Val Pro Ala Leu 

35 40 45 

Ser Asp Val Glu Thr He Asn Asn Val Leu Thr Thr Leu Asn Ala Asp 

50 55 60 

Val Thr Tyr Lys Lys Asp Glu Asn Ala Val Val Val Asp Ala Thr Lys 
65 70 75 80 

Thr Leu Asn Glu Lys Ala Pro Tyr Glu Tyr Val Ser Lys Met Arg Ala 

85 90 95 

Ser He Leu Val Met Gly Pro Leu Leu Ala Arg Leu Gly His Ala lie 
100 105 110 

so Val Ala Leu Pro Gly Gly Cys Ala lie Gly Ser Arg Pro He Glu Gin 

115 120 125 

His He Lys Gly Phe Glu Ala Leu Gly Ala Glu He His Leu Glu Asn 
130 135 140 

ss 
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Gly Asn He Tyr Ala Asn Ala Lys Asp Gly Leu Lys Gly Thr Ser He 

155 

His Leu Asp Phe Pro Ser Vai Gly Ala Thr Gin Asn lie He Met Ala 

165 170 _ .^75 

Ala Ser Leu Ala Lys Gly Lys Thr Leu He Glu Asn Ala Ala Lys Glu 

180 185 190 

Pro Glu He Val Asp Leu Ala Asn Tyr He Asn Glu Met Gly Gly Arg 

195 200 205 

He Thr Gly Ala Gly Thr Asp Thr He Thr He Asn Gly Val Giu Ser 

210 215 220 

Leu His Gly Val Glu His Ala He He Pro Asp Arg He Glu Ala Gly 
230 235 240 

Thr Leu Leu He Ala Gly Ala He Thr Arg Gly Asp He Phe Val Arg 

245 250 255 

Gly Ala He Lys Glu His Met Ala Ser Leu Val Tyr Lys Leu Glu Glu 

260 265 270 

Met Gly Val Glu Lea Asp Tyr Gin Glu Asp Gly He Arg Val Arg Ala 

275 280 285 

Glu Gly Asp Leu Gin Pro Val Asp He Lys Thr Leu Pro His Pro Gly 

295 300 
Phe Pro Thr Asp Met Gin Ser Gin Met Met Ala Leu Leu Leu Thr Ala 

315 320 
Asn Gly His Lys Val Val Thr Glu Thr. Val Phe Glu Asn Arg Phe Met 

325 330 
His Val Ala Glu Phe Lys Arg Met Asn Ala Asn He Asn Vai Glu Gly 

340 345 
Arg Ser Ala Lys Leu Glu Gly Lys Ser Gin Leu Gin Gly Ala Gin Vai 

355 360 363 

Lys Ala Thr Asp Leu Arg Ala Ala Ala Ala Leu He Leu Ala Gly Leu ' 

375 380 
Val Ala Asp Gly Lys Thr Ser Vai Thr Giu Leu Asn His Leu Asp Arg 
390 395 400 

Gly Tyr Val Asp Leu His Gly Lys Leu Lys Gin Leu Gly Ala Asp 11 



405 410 



Glu Arg He Asn Asp 
420 



e 

415 



(2) INFORMATION FOR SEQ ID NO: 3: 



(i) SEQUENCE CHARACTERISTICS; 
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(A) LENGTH: 1050 base pairs 

(B) TYPE: nucleic acid 

s (C) STEWNDEDNESS: double 







TOPOLOGY: 


linear 










10 


(XI ) 


SEQUENCE DESCRIPTION: 


SLQ lu NO ; . 


3 : 








ATGTnTTTGT 


ATTGCCTATT 


GGGCTTAACA 


ATCAATTAGA 


TTAGATCAAT 


TTTTTAAAAA 


60 




AGGATACGCC 


ACTCAATTAC 


AAGTGTGTAT 


GATATGTGTT 


GCTATTTTAT 


TAGGCACTGC 


120 


15 


AGTAAGCAAT 


TTTATTGTAG 


ATGTGTTACA 


11 ^ ^^^^^^ ^ y\ ^ 

ATACTCGACG 


CAGGTAAAAT 


ATTTAATAAA 


180 




ATAAGTCTAA 


CTCTATGATG 


TGTAATCAAA 


ACTAGATATA 


ATTAAATAAT 


GACTTAAAAT 


240 




AATTTTAAAA 


TAGGGAAATG 


TAAAGTAATA 


GGAGTTCTAA 


GTGGAGGATT 


TACGATGGAT 


300 


20 


AAAATAGTAA 


TCAAAGGTGG 


AAATAAATTA 


ACGGGTGAAG 


TTAAAGTAGA 


AGGTGCTAAA 


360 




AATGCAGTAT 


TACCAATATT 


GACAGCATCT 


TTATTAGCTT 


CTGATAAACC 


GAGTAAATTA 


420 




GTTAATGTTC 


CAGCTTTAAG 


TGATGTAGAA 


ACAATAAATA 


ATGTATTAAC 


AACTTTAAAT 


480 




GCTGACGTTA 


CATACAAAAA 


GGACGAAAAT 


GCTGTTGTCG 


TTGATGCAAC 


AAAGACTCTA 


540 


25 


AATGAAAAAG 


CACCATATGA 


ATATGTTAGT 


AAAATGCGTG 


CAAGTATTTT 


AGTTATGGGA 


600 




CCTCTTTTAG 


CAAGACTAGG 


ACATGCTATT 


GTTGCATTGC 


CTGGTGGTTG 


TGCAATTGGA 


660 




AGTAGACCGA 


TTGAGCAACA 


CATTAAAGGT 


TTTGAAGCTT 


TAGGCGCAGA 


AATTCATCTT 


720 




GAAAATGGTA 


ATATTTATGC 


TAATGCTAAA 


GATGGATTAA 


AAGGTACATC 


AATTCATTTA 


780 


30 


GATTTTCCAA 


GTGTAGGAGC 


AACACAAAAT 


ATTATTATGG 


CAGCATCATT 


AGCTAAGGGT 


840 




AAGACTTTAA 


TTGAAAATGC 


AGCTAAAGAA 


CCTGAAATTG 


TCGATTTAGC 


AAACTACATT 


900 




AATGAAATGG 


GTGGTAGAAT 


TACTGGTGCT 


GGTACAGACA 


CAATTACAAT 


CAATGGTGTA 


960 




GAATCATTAC 


ATGGTGTAGA 


ACATGCTATC 


ATTCCAGATA 


GAATTGAAGC 


AGGCACATTA 


1020 


35 


CTAATCGCTG 


GTGCTATAAC 


GGGGGGAATC 








1050 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 252 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Met Asp Lys He Val He Lys Gly Gly Asn Lys Leu Thr Gly Glu Val 
15 10 15 
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Lys Val Glu Gly Ala Lys Asn Ala Val Leu Pro He Leu Thr Ala Ser 

20 25 30 

Leu Leu Ala Ser Asp Lys Pro Ser Lys Leu Val Asn Val Pro Ala Leu 

35 40 45 

Ser Asp Val Glu Thr He Asn Asn Val Leu Thr Thr Leu Asn Ala Asp 

50 55 60 

Val Thr Tyr Lys Lys Asp Glu Asn Ala Val Val Val Asp Ala Thr Lys 

^0 75 80 

Thr Leu Asn Glu Lys Ala Pro Tyr Glu Tyr Val Ser Lys Met Arg Ala 

85 90 95 

Ser He Leu Val Met Gly Pro Leu Leu Ala Arg Leu Gly His Ala He 

100 105 no 

Val Ala Leu Pro Gly Gly Cys Ala He Gly Ser Arg Pro He Glu Gin 

115 120 125 

His He Lys Gly Phe Glu Ala Leu Gly Ala Glu He His Leu Glu Asn 

130 135 140 

Gly Asn He Tyr Ala Asn Ala Lys Asp Gly Leu Lys Gly Thr Ser He 

155 

His Leu Asp Phe Pro Ser Val Gly Ala Thr Gin Asn He He Met Ala 

170 175 
Ala Ser Leu Ala Lys Gly Lys Thr Leu He Glu Asn Ala Ala Lys Glu 

185 190 
Pro Glu He Val Asp Leu Ala Asn Tyr He Asn Glu Met Gly Gly Arg 

195 200 205 

He Thr Gly Ala Gly Thr Asp Thr He Thr He Asn Gly Val Glu Ser 

215 220 
Leu His Gly Val Glu His Ala He He Pro Asp Arg He Glu Ala Gly 
230 235 240 

Thr Leu Leu He Ala Gly Ala He Thr Gly Gly He 
245 250 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
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20 



25 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
ATGGATAAAA TAGTAATCAA AGG 23 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
ATCGTTAATA CGTTCAATGT CTGC 24 



Claims 

1 . An isolated polypeptide selected from the group consisting o(: 

30 (i) an isolated polypeptide comprising an amino acid having at least: 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity; or 
35 (d) 95% identity 

to the amino acid sequence of SEQ ID NO:2 or 4 over the entire length of SEQ ID N0;2 or 4; 

(ii) an isolated polypeptide comprising the amino acid sequence of SEQ ID N0:2 or 4, 

(iii) an isolated polypeptide which is the amino acid sequence of SEQ ID N0:2 or 4, and 

^0 (iv) a polypeptide which is encoded by a recombinant polynucleotide comprising the polynucleotide sequence 

of SEQ ID NO: 1 or 3. 

2. An isolated polynucleotide selected from the group consisting of: 

(i) an isolated polynucleotide comprising a polynucleotide sequence encoding a polypeptide that has at least 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity; or 
so (d) 95% identity; 

to the amino acid sequence of SEQ ID NO:2 or 4, over the entire length of SEQ ID NO:2 or 4; 

(ii) an isolated polynucleotide comprising a polynucleotide sequence that has at least: 

S5 (a) 70% identity 

(b) 80% identity: 

(c) 90% identity; or 

(d) 95% identity; 
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ovar ils entire length to a polynucleotide sequence encoding the polypeptide of SEQ ID NO-2 or 4- 
(iii) an isolated polynucleotide comprising a nucleotide sequence which has at least: 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity; or 

(d) 95% identity; 

to that of SEQ ID NO: 1 or 3 over the entire length of SEQ ID NO:1 or 3; 

Oy)an isolated polynucleotide comprising a nucleotide sequence encoding the polypeptide of SEQ ID NO:2 
(V) an isolated polynucleotide which is the polynucleotide of SEQ ID NO" 1 or 3" 

(vi) an isolated polynucleotide obtainable by screening an appropriate library under stringent hybridization 
conditions with a probe having the sequence of SEQ ID NO: 1 or 3 or a fragment thereof- 
{VII) an isoJated polynucleotide encoding a mature polypeptide expressed by the MurA gene contained in the 
Staphylococcus aureus; and 

(viii) a polynucleotide sequence complementary to said isolated polynucleotide of (i), (ii). (iii). (iv). (v). (vi) or (vii). 

3. An antibody antigenic to or immunospecific for the polypeptide of claim 1 , 

4. A method for the treatment of an individual: 

(i) In need of enhanced activity or expression of the polypeptide of claim 1 comprising the step of: 

(a) administering to the individual a therapeutically effective amount of an agonist to said polypeptide or 

(b) providing to the individual an isolated polynucleotide comprising a polynucleotide sequence encoding 
said polypeptide in a form so as to effect production of said polypeptide activity in vivo; or 

(ii) having need to inhibit activity or expression of the polypeptide of claim 1 comprising: 

(a) administering to the individual a therapeutically effective amount of an antagonist to said polypeptide" or 

(b) administering to the individual a nucleic acid molecule that inhibits the expression of a polynucleotide 
sequence encoding said polypeptide; or 

(c) administering to the individual a therapeutically effective amount of a polypeptide that competes with 
said polypeptide for its ligand, substrate . or receptor. 

5. A process for diagnosing or prognosing a disease or a susceptibility to a disease in an Individual related to ex- 
pression or activity of the polypeptide of claim 1 in an individual comprising the step of: 

(a) determining the presence or absence of a mutation in the nucleotide sequence encoding said polypeptide 
in the genome of said individual; or » ^' k « 

(b) analyzing for the presence or amount of said polypeptide expression in a sample derived from said indi- 
vidual. 

6. A method for screening to identify compounds that activate or that inhibit the function of the polypeptide of claim 
1 which comprises a method selected from the group consisting of; 

(a) measuring the binding of a candidate compound to the polypeptide or to the cells or membranes bearing 
the polypeptide or a fusion protein thereof by means of a label directly or indirectly associated with the candidate 
compound; 

(b) measuring the binding of a candidate compound to the polypeptide or to the cells or membranes bearing 
the polypeptide or a fusion protein thereof in the presence of a labeled competitor- 

(c) testing whether the candidate compound results in a signal generated by activation or inhibition of the 
polypeptide, using detection systems appropriate to the cells or cell membranes bearing the polypeptide" 

(d) mixing a candidate compound with a solution containing a polypeptide of claim 1 , to form a mixture meas- 
uring activity of the polypeptide in the mixture, and comparing the activity of the mixture to a standard" 

(e) detecting the effect of a candidate compound on the production of mRNA encoding said polypeptide and 
said polypeptide in cells, using for instance, an ELISA assay, or 
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in 

(1) contacting a composition comprising the polypeptide with the compound to be screened under condi- 
tions to permit interaction between the compound and the polypeptide to assess the interaction of a com- 
pound, such interaction being associated with a second component capable of providing a detectable 
signal in response to the interaction of the polypeptide with the compound; and 

(2) determining whether the compound interacts with and activates or inhibits an activity of the polypeptide 
by detecting the presence or absence of a signal generated from the interaction of the compound with the 
polypeptide. 

An agonist or an antagonist of the activity or expression polypeptide of claim 1 . 

An expression system comprising a polynucleotide capable of producing a polypeptide of claim 1 when said ex- 
pression system is present in a compatible host cell. 

A host cell comprising the expression system of claim 8 or a membrane thereof expressing a polypeptide selected 
from the group consisting of: 

(i) an Isolated polypeptide comprising an amino acid sequence selected from the group having at least: 

(a) 70% identity; 

(b) 80% identity: 

(c) 90% identity; or 

(d) 95% identity 

to the amino acid sequence of SEQ ID NO;2 or 4 over the entire length of SEQ ID NO:2 or 4; 

(ii) an isolated polypeptide comprising the amino acid sequence of SEO ID NO:2 or 4; 

(iii) an isolated polypeptide which is the amino acid sequence of SEQ ID NO:2 or 4, and 

(iv) a polypeptide which is encoded by a recombinant polynucleotide comprising the polynucleotide sequence 
of SEQ ID NO: 1 or 3. 

A process for producing a polypeptide selected from the group consisting of: 

(i) an isolated polypeptide comprising an amino acid sequence selected from the group having at least: 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity; or 

(d) 95% identity 

to the amino acid sequence of SEQ ID NO:2 or 4 over the entire length of SEQ ID N0:2 or 4; 

(ii) an isolated polypeptide comprising the amino acid sequence of SEQ ID NO:2 or 4; 

(iii) an isolated polypeptide which is the amino acid sequence of SEQ ID NO:2 or 4. and 

(iv) a polypeptide which is encoded by a recombinant polynucleotide comprising the polynucleotide sequence 
of SEQ !D NO; 1 or 3, 

comprising the step of culturing a host cell of claim 9 under conditions sufficient for the production of said 
polypeptide. 

A process for producing a host cell comprising the expression system of claim 8 or a membrane thereof expressing 
a polypeptide selected from the group consisting of: 

(i) an isolated polypeptide comprising an amino acid sequence selected from the group having at least: 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity: or 

(d) 95% identity 
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to the amino acid sequence of SEQ ID NO:2 or 4 over the entire length of SEQ ID NO:2 or 4; 

(ii) an isolated polypeptide comprising the amino acid sequence of SEQ ID NO:2 or 4; 

(iii) an isolated polypeptide which is the amino acid sequence of SEQ ID N0:2 or 4. and 

(iv) a polypeptide which is encoded by a recombinant polynucleotide comprising the polynucleotide sequence 
ol SEQ ID NO; 1 or 3. 

said process comprising the step of transforming or transfecting a cell with an expression system comprising 
a polynucleotide capable of producing said polypeptide of (i), (ii), (iii) or (iv) when said expression system is present 
in a compatible host cell such the host cell, under appropriate culture conditions, produces said polypeptide of (i), 
(ii), (iii) or (iv). 

12. A host cell produced by the process of claim 11 or a membrane thereof expressing a polypeptide selected from 
the group consisting of: 

(i) an isolated polypeptide comprising an amino acid sequence selected from the group having at least: 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity; or 

(d) 95% identity 

to the amino acid sequence of SEQ ID NO:2 or 4 over the entire length of SEQ ID N0:2 or 4; 

(ii) an isolated polypeptide comprising the amino acid sequence of SEQ ID NO:2 or 4; 

(iii) an Isolated polypeptide which is the amino acid sequence of SEQ ID NO:2 or 4, and 

(iv) a polypeptide which is encoded by a recombinant polynucleotide comprising the polynucleotide sequence 
of SEQ ID NO:1 or 3. 

13. A computer readable medium having stored thereon a member selected from the group consisting of: a polynu- 
cleotide comprising the sequence of SEQ ID NO:1 or 3; a polypeptide comprising the sequence of SEQ ID NO:2 
or 4; a set of polynucleotide sequences wherein at least one of said sequences comprises the sequence of SEQ 
ID NO:1 or 3; a set of polypeptide sequences wherein at least one of said sequences comprises the sequence of 
SEQ ID NO:2 or 4; a data set representing a polynucleotide sequence comprising the sequence of SEQ ID NO:l 
or 3: a data set representing a polynucleotide sequence encoding a polypeptide sequence comprising the sequence 
of SEQ ID NO:2 or 4; a polynucleotide comprising the sequence of SEQ ID NO:1 or 3; a polypeptide comprising 
the sequence of SEQ ID NO:2 or 4; a set of polynucleotide sequences wherein at least one of said sequences 
comprises the sequence of SEQ ID NO:1 or 3; a set of polypeptide sequences wherein at least one of said se- 
quences comprises the sequence of SEQ ID N0:2 or 4; a data set representing a polynucleotide sequence com- 
prising the sequence of SEQ ID NO: 1 or 3; a data set representing a polynucleotide sequence encoding a polypep- 
tide sequence comprising the sequence of SEQ ID NO:2 or 4. 

14. A computer based method for performing homology identification, said method comprising the steps of providing 
a polynucleotide sequence comprising the sequence of SEQ ID NO:1 or 3 in a computer readable medium; and 
comparing said polynucleotide sequence to at least one polynucleotide or polypeptide sequence to identity ho- 
mology. 

1 5. Af urther embodiment of the invention provides a computer based method for polynucleotide assembly, said method 
comprising the steps of: providing a first polynucleotide sequence comprising the sequence of SEQ ID NO:1 or 3 
in a computer readable medium; and screening tor at least one overlapping region between said first polynucleotide 
sequence and a second polynucleotide sequence. 

16. An isolated polynucleotide selected form the group consisting of: 

(a) an isolated polynucleotide comprising a nucleotide sequence which has at least 70%, 60%, 90%, 95%, 
97% identity to SEQ ID NO:3 over the entire length of SEQ ID NO:3; 

(b) an isolated polynucleotide comprising the polynucleotide of SEQ ID NO:3; 

(c) the polynucleotide of SEQ ID NO:3; or 

(d) an isolated polynucleotide comprising a nucleotide sequence encoding a polypeptide which has at least 
70%. 80%. 90%, 95%, 97-99% identity to the amino acid sequence of SEQ ID NO:4. over the entire length of 
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SEQ ID N0:4. 

17. A polypeptide selected from the group consisting of: 

5 (a) a polypeptide which comprises an amino acid sequence which has at least 70%, 80%, 90%. 95%. 97-99% 

identity to that of SEQ ID N0:4 over the entire length of SEQ ID NO;4: 

(b) a polypeptide which has an amino acid sequence which is at least 70%, 80%, 90%, 95%, 97-99% identity 
to the amino acid sequence of SEQ ID NOA over the entire length of SEQ ID NO:4; 

(c) a polypeptide which comprises the amino acid of SEQ ID NO:4; 
10 (d) a polypeptide which is the polypeptide of SEQ ID NO: 4; 

(e) a polypeptide which is encoded by a polynucleotide comprising the sequence contained in SEQ ID NO:3. 
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